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NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

A\\ntP Designation: D 5755 - 95

IMTERHATtONAL

Standard Test Method for
Micro vacuum Sampling and Indirect Analysis of Dust by
Transmission Electron Microscopy for Asbestos Structure
Number Concentrations1

This standard is issued under the fixed designation D 5755; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers a procedure to ( a) identify
asbestos in dust and (b) provide an estimate of the concentra-
tion of asbestos in the sampled dust reported as the number of
asbestos structures per unit area of sampled surface.

1.1.1 If an estimate of the asbestos mass is to be determined,
the user is referred to Test Method D 5756.

1.2 This test method describes the equipment and proce-
dures necessary for sampling, by a microvacuum technique,
non-airborne dust for levels of asbestos structures. The non-
airbome sample is collected inside a standard filter membrane
cassette from the sampling of a surface area for dust which may
contain asbestos.

1.2.1 This procedure uses a microvacuuming sampling tech-
nique. The collection efficiency of this technique is unknown
and will vary among substrates. Properties influencing collec-
tion efficiency include surface texture, adhesiveness, electro-
static properties and other factors.

1.3 Asbestos identified by transmission electron microscopy
(TEM) is based on morphology, selected area electron diffrac-
tion (SAED), and energy dispersive X-ray analysis (EDXA).
Some information about structure size is also determined.

1.4 This test method is generally applicable for an estimate
of the concentration of asbestos structures starting from ap-
proximately 1000 asbestos structures per square centimetre.

1.4.1 The procedure outlined in this test method employs an
indirect sample preparation technique. It is intended to disperse
aggregated asbestos into fundamental fibrils, fiber bundles,
clusters, or matrices that can be more accurately quantified by
transmission electron microscopy. However, as with all indi-
rect sample preparation techniques, the asbestos observed for
quantification may not represent the physical form of the
asbestos as sampled. More specifically, the procedure de-
scribed neither creates nor destroys asbestos, but it may alter
the physical form of the mineral fibers.

1.5 The values stated in SI units are to be regarded as the

standard. The values given in parentheses are for information
only.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
D 1193 Specification for Reagent Water2

D 1739 Test Method for the Collection and Measurement of
Dustfall (Settleable Paniculate Matter)3

D 3195 Practice for Rotameter Calibration3

D 3670 Guide for Determination of Precision and Bias of
Methods of Committee D-223

D 5756 Test Method for Microvacuum Sampling and Indi-
rect Analysis of Dust by Transmission^ Electron Micros-
copy for Asbestos Mass Concentration3

3. Terminology

3.1 Definitions:
3.1.1 asbestiform—a special type of fibrous habit in which

the fibers are separable into thinner fibers and ultimately into
fibrils. This habit accounts for greater flexibility and higher
tensile strength than other habits of the same mineral. For more
information on asbestiform mineralogy, see Refs (I),4 (2) and
(3).

3.1.2 asbestos—a collective term that describes a group of
naturally occurring, inorganic, highly fibrous, silicate domi-
nated minerals, which are easily separated into long., thin,
flexible fibers when crushed or processed.

3.1.2.1 Discussion—Included in the definition are the as-
bestiform varieties of: serpentine (chrysotile); riebeckite (cro-
cidolite); grunerite (grunerite asbestos); anthophyllite (antho-
phyllite asbestos); tremolite (tremolite asbestos); and actinolite
(actinolite asbestos). The amphibole mineral compositions are

1 This test method is under the jurisdiction of ASTM Committee D-22 on
Sampling and Analysis of Atmospheresand is the direct responsibility of Subcom-
mittee D22.07on Sampling and Analysis of Asbestos.

Current edition approved August 15, 1995. Published October 1995.

2 Annual Book of ASTM Standards, Vol 11.01.
3 Annual Book of ASTM Standards, Vol 11.03.
4 The boldface numbers in parentheses refer to the list of references at the end of

this lest method.

Copyright O ASTM International. 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States.



defined according lo nomenclature of the International Miner-
alogical Association (3).

Asbestos
Chrysotile
Croddolite
Grunerite Asbestos
Anthophyllite Asbestos
Tremolite Asbestos
Actinolite Asbestos

Chemical Abstract Service No.5

12001-29-5
12001-28-4
12172-73-5
77536-67-5
77536-68-6
77536-66-4

NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

D5755

4. Summary of Test Method

4.1 The sample is collected by vacuuming a known surface
area with a standard 25 or 37 mm air sampling cassette using
a plastic tube that is attached to the inlet orifice which acts as
a nozzle. The sample is transferred from inside the cassette to
an aqueous solution of known volume. Aliquots of the suspen-
sion are then filtered through a membrane. A section of the
membrane is prepared and transferred to a TEM grid using the
direct transfer method. The asbestiform structures are identi-
fied, sized, and counted by TEM, using SAED and EDXA at a
magnification of 15 000 to 20 OOOX.

5. Significance and Use

5.1 This microvacuum sampling and indirect analysis
method is used for the general testing of non-airborne dust
samples for asbestos. It is used to assist in the evaluation of
dust that may be found on surfaces in buildings such as ceiling
tiles, shelving, electrical components, duct work, carpet, etc.
This test method provides an index of the concentration of
asbestos structures in the dust per unit area analyzed as derived
from a quantitative TEM analysis.

5.1.1 This test method does not describe procedures or
techniques required to evaluate the safety or habitability of
buildings with asbestos-containing materials, or compliance
with federal, state, or local regulations or statutes. It is the
user's responsibility to make these determinations.

5.1.2 At present, a single direct relationship between
asbestos-containing dust and potential human exposure does
not exist. Accordingly, the user should consider these data in
relationship to other available information in their evaluation.

5.2 This test method uses the definition, settleable panicu-
late material, found in Test Method D 1739 as the definition of
dust. This definition accepts all particles small enough to pass
through a 1 mm (No. 18) screen. Thus, a single, large asbestos
containing particle(s) (from the large end of the particle size
distribution) dispersed during sample preparation may result in
anomalously large asbestos concentration results in the TEM
analyses of that sample. It is, therefore, recommended that
multiple independent samples are secured from the same area,
and a minimum of three samples analyzed by the entire
procedure.

6. Interferences

6.1 The following minerals have properties (that is, chemi-
cal or crystalline structure) which are very similar to asbestos
minerals and may interfere with the analysis by causing a false
positive to be recorded during the test. Therefore, literature
references for these materials must be maintained in the
laboratory for comparison to asbestos minerals so that they are
not misidentified as asbestos minerals.

6.1.1 Antigorite.
6.1.2 Palygorskite (Attapulgite).
6.1.3 Halloysite.
6.1.4 Pyroxenes.
6.1.5 Sepiolite.
6.1.6 Vermiculite scrolls.
6.1.7 Fibrous talc.
6.1.8 Hornblende and other amphiboles other than those

listed in 3.1.2.

3.1.3 fibril—a single fiber that cannot be separated into
smaller components without losing its fibrous properties or
appearance.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 aspect ratio—the ratio of the length of a fibrous

particle to its average width.
3.2.2 bundle—a structure composed of three or more fibers

in a parallel arrangement with the fibers closer than one fiber
diameter to each other.

3.2.3 cluster—a structure with fibers in a random arrange-
ment such that all fibers are intermixed and no single fiber is
isolated from the group; groupings of fibers must have more
than two points touching.

3.2.4 debris—materials that are of an amount and size
(particles greater than 1 mm in diameter) that can be visually
identified as to their source.

3.2.5 dust—any material composed of particles in a size
range of £1 mm and large enough to settle by virtue of their
weight from the ambient air (see definition for settleable
paniculate matter in Test Method D 1739).

3.2.6 fiber—a structure having a minimum length of 0.5 um,
an aspect ratio of 5:1 or greater, and substantially parallel sides
(4).

3.2.7 fibrous—of a mineral composed of parallel, radiating,
or interlaced aggregates of fibers, from which the fibers are
sometimes separable. That is, the crystalline aggregate may be
referred to as fibrous even if it is not composed of separable
fibers, but has that distinct appearance. The term fibrous is used
in a general mineralogical way to describe aggregates of grains
that crystallize in a needle-like habit and appear to be com-
posed of fibers. Fibrous has a much more general meaning than
asbestos. While it is correct that all asbestos minerals are
fibrous, not all minerals having fibrous habits are asbestos.

3.2.8 indirect preparation—a method in which a sample
passes through one or more intermediate steps prior to final
filtration.

3.2.9 matrix—a structure in which one or more fibers, or
fiber bundles that are touching, are attached to, or partially
concealed by a single particle or connected group of non-
fibrous particles. The exposed fiber must meet the fiber
definition (see 3.2.6).

3.2.10 structures—a term that is used to categorize all the
types of asbestos particles which are recorded during the
analysis (such as fibers, bundles, clusters, and matrices). Final
results of the test are always expressed in asbestos structures
per square centimetre.

5 The non-asbestiform variations of the minerals indicated in 5.1.3 have different
Chemical Abstract Service (CAS) numbers.
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7.22 Chloroform, reagent grade.
7.23 Acetone, reagent grade.
7.24 Dimethylformamide (DMF).
7.25 Glacial Acetic Acid.
7.26 J-methyl-2-pyrrolidone.
7.27 Plasma Asher, low temperature.
7.28 pH Paper.
7.29 Air Sampling Pump, low volume personal-type, ca-

pable of achieving a flow rate of 1 to 5 L/min.
7.30 Rotameter.
7.31 Air Sampling Cassettes, 25 mm or 37 mm, containing

0.8|J m or smaller pore size MCE or PC filters.
7.32 Cork Borer, 1 mm.
7.33 Non-Asbestos Mineral, references as outlined in 6.1.
7.34 Asbestos Standards, as outlined in 3.1.2.
7.35 Tygon7 Tubing, or equivalent.
7.36 Small Vacuum Pump, that can maintain a pressure of 92

kPa.
7.37 Petri Dishes, large glass, approximately 90 rnm in

diameter.
7.38 Jaffe Washer, stainless steel or aluminum mesh screen,

30 to 40 mesh, and approximately 75 mm by 50 mm iii size.
7.39 Copper TEM Finder Grids, 200 mesh.
7.40 Carbon Evaporator Rods.
7.41 Lens Tissue.
7.42 Ashless Filter Paper Filters, 90 mm diameter.
7.43 Gummed Paper Reinforcement Rings.
7.44 Wash Bottles, plastic.
7.45 Reagent Alcohol, HPLC Grade (Fisher A995 or equiva-

lent).
7.46 Opening Mesh Screen, plastic, 1.0 by 1.0 mm,

(Spectra-Mesh #146410 or equivalent).
7.47 Diffraction Grating Replica.

8. Sampling Procedure for Microvacuum Technique
8.1 For sampling asbestos-containing dust in either indoor

or outdoor environments, commercially available cassettes
must be used. Air monitoring cassettes containing 25 mm or 37
mm diameter mixed cellulose ester (MCE) or polycarbonate
(PC) filter membranes with a pore size less than or equal to 0.8
um are required (7.31). The number of samples collected
depends upon the specific circumstances of the study.

8.2 Maintain a log of all pertinent sampling information and
sampling locations.

8.3 Sampling pumps and flow indicators shall be calibrated
using a certified standard apparatus or assembly (see Practice
D 3195 and 7.29).

8.4 Record all calibration information (5).
8.5 Perform a leak check of the sampling system at each

sampling site by activating the pump (7.29) with the closed
sampling cassette in line. Any air flow shows that a leak is
present that must be eliminated before initiating the sampling
operation.

8.6 Attach the sampling cassette to the sampling pump at
the outlet side of the cassette with plastic tubing (7.35). The
plastic tubing must be long enough in that the sample areas can

6.2 Collecting any dust particles greater than 1 mm in size
in this test method may cause an interference and, therefore,
must be avoided.

7. Materials and Equipment
7.1 Purity of Reagents—Reagent grade chemicals shall be

used in all tests. Unless otherwise indicated, it is intended that
all reagents conform to the specifications of the Committee on
Analytical Reagents of the American Chemical Society, where
such specifications are available. Other grades may be used,
provided it is first ascertained that the reagent is of sufficiently
high purity to permit its use without lessening the accuracy of
the determination.6

7.2 Transmission Electron Microscope (TEM), an 80 to 120
kV TEM, capable of performing electron diffraction, with a
fluorescent screen inscribed with calibrated gradations, is
required. The TEM must be equipped with energy dispersive
X-ray spectroscopy (EDXA) and it must have a scanning
transmission electron microscopy (STEM) attachment or be
capable of producing a spot size of less than 250 nm in
diameter in crossover.

7.3 Energy Dispersive X-ray System (EDXA).
7.4 High Vacuum Carbon Evaporator, with rotating stage.
7.5 High Efficiency Paniculate Air (HEPA), filtered nega-

tive flow hood.
7.6 Exhaust or Fume Hood.
7.7 Particle-free Water (ASTM Type H, see Specification

D1193).
7.8 Glass Beakers (50 mL).
7.9 Glass Sample Containers, with wide mouth screw cap

(200 mL) or equivalent scalable container (height of the glass
sample container should be approximately 13 cm high by 6 cm
wide).

7.10 Waterproof Markers.
7.11 Forceps (tweezers).
7.12 Ultrasonic Bath, table top model (100 W).
7.13 Graduated Pipettes (1, 5, 10 mL sizes), glass or

plastic.
7.14 Filter Funnel, either 25 mm or 47 mm, glass or

disposable. Filter funnel assemblies, either glass or disposable
plastic, and using either a 25 mm or 47 mm diameter filter.

7.15 Side Arm Filter Flask, 1000 mL.
7.16 Mixed Cellulose Ester (MCE) Membrane Filters, 25 or

47 mm diameter, ^0.22 urn and 5 um pore size.
7.17 Polycarbonate (PC) Filters, 25 or 47 mm diameter,

£0.2 jam pore size.
7.18 Storage Containers, for the 25 or 47 mm filters (for

archiving).
7.19 Glass Slides, approximately 76 by 25 mm in size.
7.20 Scalpel Blades, No. 10, or equivalent.
7.21 Cabinet-type Desiccator, or low temperature drying

oven.

* Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see Analar Standards for Laboratory
Chemicals, BDH Ltd., Poole, Dorset, U.K., and the United States Pharmacopeia
and National Formulary, U.S. Pharmaceutical Convention, Inc. (USPC), Rockville,
MD. 7 Tygon is a registered trademark of the DuPont Co.
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disposable wet towels (baby wipes) prior to packaging for
shipment.

9. Sample Shipment

9.1 Ship dust samples to an analytical laboratory in a sealed
container, but separate from any bulk or air samples. The
cassettes must be tightly sealed and packed in a material free of
fibers or dust to minimize the potential for contamination.
Plastic "bubble pack" is probably the most appropriate material
for this purpose.

10. Sample Preparation

10.1 Under a negative flow HEPA hood (7.5), carefully
wet-wipe the exterior of the cassettes to remove any possible
contamination before taking cassettes into a clean preparation
area.

10.2 Perform sample preparation in a clean facility that has
a separate work area from both the bulk and air sample
preparation areas.

10.3 Initial specimen preparation shall take place in a clean
HEPA filtered negative pressure hood to avoid any possible
contamination of the laboratory or personnel, or both, by the
potentially large number of asbestos structures in an asbestos-
containing dust sample. Cleanliness of the preparation area
hoods is measured by the cumulative process blank concentra-
tions (see Section 11).

10.4 All sample preparation steps 10.4.1-10.4.6 shall take
place in the dust preparation area inside a HEPA hood.

10.4.1 Remove the upper plug from the sample cassette and
carefully introduce approximately 10 mL solution of a 50/50
mixture of particle-free water and reagent alcohol into the
cassette using a plastic wash bottle (7.44). If the plugged
nozzle was left attached to the cassette, then remove the plug
and introduce the water/alcohol solution into the cassette
through the tubing, and then remove the tubing, if it is visibly
clean.

10.4.2 Replace the upper plug or the sample cap and lightly
shake the dust suspension by hand for 3 s.

10.4.3 Remove the entire cap of the cassette and pour the
suspension through a 1.0 by 1.0 mm opening screen (7.46) into
a pre-cleaned 200 mL glass specimen bottle (7.9). All visible
traces of the sample contained in the cassette shall be rinsed
through the screen into the specimen bottle with a plastic wash
bottle containing the 50/50 solution of particle-free water and
alcohol. Repeat this procedure two additional times for a total
of three washings. Next, rinse the nozzle two or three times
through the screen into the specimen bottle with the 50/50
mixture of water and alcohol. Typically, the total amount of the
50/50 mixture used in the rinse is 50 to 75 mL. Discard the 1.0
by 1.0 mm screen and bring the volume of solution in the
specimen bottle up to the 100 mL mark on the side of the bottle
with particle-free water only.

10.4.4 Adjust the pH of the suspension to 3 to 4 using a
10.0 % solution of acetic acid. Use pH paper for testing. Filter
the suspension within 24 h to avoid problems associated with
bacterial and fungal growth.

10.4.5 Use either a disposable plastic filtration unit or a
glass filtering unit (7.14) for filtration of aliquots of the
suspension. The ability of an individual filtration unit to

be reached without interference from the sampling pump.
Attach a clean, approximately 25.4 mm long piece of plastic
tubing (6.35 mm internal diameter) directly to the inlet orifice.
Use this piece of tubing as the sampling nozzle. Cut the
sampling end of the tubing at a 45° angle as illustrated in Fig.
1. The exact design of the nozzle is not critical as long as some
vacuum break is provided to avoid simply pushing the dust
around on the surface with the nozzle rather than vacuuming it
into the cassette. The internal diameter of the nozzle and flow
rate of the pump may vary as long as the air velocity is 100
(±10) cm/s. This air velocity calculation is based on an internal
sampling tube diameter of 6.35 mm at a flow rate of 2 L/min.

8.7 Measure and determine the sample area of interest. A
sample area of 100 cm2 is vacuumed until there is no visible
dust or particulates matter remaining. Perform a minimum of
two orthogonal passes on the surface within a minimum of 2
min of sampling time. Avoid scraping or abrading the surface
being sampled. (Do not sample any debris or dust particles
greater than 1 mm in diameter (see 4.2).) Smaller or larger
areas can be sampled, if needed. For example, some surfaces of
interest may have a smaller area than 100 cm2. Less dusty
surfaces may require vacuuming of larger areas. Unlike air
samples, the overloading of the cassettes with dust will not be
a problem. As defined in 3.2.5, only dust shall be collected for
this analysis.

8.8 At the end of sample collection, invert the cassette so
that the nozzle inlet faces up before shutting off the power to
the pump. The nozzle is then sealed with a cassette end-plug
and the cassette/nozzle taped or appropriately packaged to
prevent separation of the nozzle and cassette assembly. A
second option is the removal of the nozzle from the cassette,
then plugging of the cassette and shipment of the nozzle (also
plugged at both ends) sealed in a separate closeable plastic bag.
A third option is placing the nozzle inside the cassette for
shipment. The nozzle is always saved and rinsed because a
significant percentage of the dust drawn from a lightly loaded
surface may adhere to the inside walls of the tubing.

8.9 Check that all samples are clearly labeled, that all dust
sampling information sheets are completed, and that all perti-
nent information has been enclosed, in accordance with labo-
ratory quality control practices, before transfer of the samples
to the laboratory. Include an unused cassette and nozzle as a
field blank.

8.10 Wipe off the exterior surface of the cassettes with

/APPROXIMATE
45 DEGREE

1" TO 1-1/2"
OR

25 MM TO 37MM

ANGLE

1/4" DIAMETER
TUBING

FIG. 1 Example of the Tubing Nozzle
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suspension. If it is estimated that less than 1.0 mL of solution
has to be filtered because of the density of the suspension,
perform a serial dilution.

10.4.9.1 If serial dilutions are required, repeat step 10.4.8
before the serial dilution portion is taken. Do not re-sonicate
the original solution or any serial dilutions. The recommended
procedure for a serial dilution is to mix 10 mL of the sample
solution with 90 mL of particle-free water in a clean sample
bottle to obtain a 1:10 serial dilution. Follow good laboratory
practices when performing dilutions.

10.4.10 Insert a new disposable pipette halfway into the
sample suspension and withdraw a portion. Avoid pipetting any
of the large floating or settled particles. Uncover the filter
funnel and dispense the mixture from the pipette into the water
in the funnel.

10.4.11 Apply vacuum to the flask and draw the mixture
through the filter.

10.4.12 Discard the pipette.
10.4.13 Disassemble the filtering unit and carefully remove

the sample filter with fine tweezers (7.11). Place the completed
sample filter particle side up, into a precleaned, labeled,
disposable, plastic petri dish (7.48) or other similar container.

10.4.14 In order to ensure that an optimally-loaded filter is
obtained, it is recommended that filters be prepared from
several different aliquots of the dust suspension. For this series
of filters, it is recommended that the volume of each aliquot of
the original suspension be a factor of five higher than the
previous one. If the filters are prepared in order of increasing
aliquot volume, all of the filters for one sample can be prepared
using one plastic disposable filtration unit, or without cleaning
of glass filtration equipment between individual filtration.
Before withdrawal of each aliquot from the sample, shEike the
suspension without additional sonification and allow to rest for
2 min.

10.4.15 There are many practical methods for drying MCE
filters. The following are two examples that can be used: ( 1)
dry MCE filters for at least 12 h (over desiccant) in an airtight
cabinet-type desiccator (7.21); (2) to shorten the drying time (if
desired), remove a plug of the damp filter and attach it to a
glass slide (7.19) as described in 12.1.2 and 12.1.3. Place the
slide with a filter plug or filter plugs (up to eight plugs can be
attached to one slide) on a bed of desiccant, in the desiccator
for 1 h.

10.4.16 PC filters do not require lengthy drying before
preparation, but shall be placed in a desiccator for at least 30
min before preparation.

10.5 Prepare TEM specimens from small sections of each
dried filter using the appropriate direct transfer preparation
method.

11. Blanks

11.1 Prepare sample blanks that include both a process
blank (50 mL of particle-free water) for each set of samples
analyzed and one unused filter from each new box of sample
filters (MCE or PC) used in the laboratory. If glass filtering
units are used, prepare and analyze a process blank each time
the filtering unit is cleaned. Blanks will be considered con-
taminated, if after analysis, they are shown to contain more

produce a uniform distribution may be tested by the filtration of
a colored paniculate suspension such as diluted India ink
(suspension of carbon black).

10.4.5.1 If a disposable plastic filtration unit is used, then
unwrap a new disposable plastic filter funnel unit (either 25 or
47 mm diameter) and remove the tape around the base of the
funnel. Remove the funnel and discard the top filter supplied
with the apparatus, retaining the coarse polypropylene support
pad in place. Assemble the unit with the adapter and a properly
sized neoprene stopper, and attach the funnel to the 1000 mL
side-arm vacuum flask (7.15). Place a 5.0 u m pore size MCE
(backing filter) on the support pad. Wet it with a few mL of
particle-free water and place an MCE (7.16) or PC filter
(S0.22 urn pore size) (7.17) on top of the backing filter. Apply
a vacuum (7.36), ensuring that the filters are centered and
pulled flat without air bubbles. Any irregularities on the filter
surface requires the discard of that filter. After the filter has
been seated properly, replace the funnel and reseal it with the
tape. Return the flask to atmospheric pressure.

10.4.5.2 If a glass filtration unit is used, place a 5 urn pore
size MCE (backing filter) on the glass frit surface. Wet the filter
with particle-free water, and place an MCE or PC filter (£0.22
urn pore size) on top of the backing filter. Apply a vacuum,
ensuring that the filters are centered and pulled flat without air
bubbles. Replace the filters if any irregularities are seen on the
filter surface. Before filtration of each set of sample aliquots,
prepare a blank filter by filtration of 50 mL of particle-free
water. If aliquots of the same sample are filtered in order of
increasing concentration, the glass filtration unit need not be
washed between filtration. After completion of the filtration, do
not allow the filtration funnel assembly to dry because con-
tamination is then more difficult to remove. Wash any residual
suspension from the filtration assembly by holding it under a
flow of water, then rub the surface with a clean paper towel
soaked in a detergent solution. Repeat the cleaning operation,
and then rinse two times in particle-free water.

10.4.6 With the flask at atmospheric pressure, add 20 mL of
particle-free water into the funnel. Cover the filter funnel with
its plastic cover if the disposable filtering unit is used.

10.4.7 Briefly hand shake (3 s) the capped bottle with the
sample suspension, then place it in a tabletop ultrasonic bath
(7.12) and sonicate for 3.0 min. Maintain the water level in the
sonicator at the same height as the solution in sample bottle.
The ultrasonic bath shall be calibrated as described in 20.5. The
ultrasonic bath must be operated at equilibrium temperature.
After sonicating, return the sample bottle to the work surface of
the HEPA hood. Preparation steps 10.4.8-10.4.14 shall be
carried out in this hood.

10.4.8 Shake the suspension lightly by hand for 3 s, then let
it rest for 2.0 min to allow large particles to settle to the bottom
of the bottle or float to the surface.

10.4.9 Estimate the amount of liquid to be withdrawn to
produce an adequate filter preparation. Experience has shown
that a light staining of the filter surface will yield a suitable
preparation for analysis. Filter at least 1.0 mL, but no more
than half the total volume. If after examination in the TEM, the
smallest volume measured (1.0 mL) (7.13) yields an over-
loaded sample, then perform additional serial dilutions of the
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Adjust the tuning of the system so that the intensity of the
plasma is maximized. Determine the time required for com-
plete oxidation of the filter. Adjust the system parameters to
achieve complete oxidation of the filter in a period of approxi-
mately 15 min. For etching of collapsed filters, use these
operating parameters for a period of 8 min. For additional
information on calibration, see the USEPA Asbestos-
Containing Materials in Schools (4) or NIST/NVLAP Program
Handbook for Airborne Asbestos Analysis (6) documents.

12.3.2 Place the glass slide containing the collapsed filters
into the low-temperature plasma asher, and etch the filter.

12.4 Carbon coating of the collapsed and etched filters is
required.

12.4.1 Carbon coating must be performed with a high-
vacuum coating unit (7.4), capable of less than KT4 torr (13
MPa) pressure. Units that are based on evaporation of carbon
filaments in a vacuum generated only by an oil rotary pump
have not been evaluated for this application and shall not be
used. Carbon rods (7.40) used for evaporators shall be sharp-
ened with a carbon rod sharpener to a neck of about 4 mm in
length and 1 mm in diameter. The rods are installed in the
evaporator in such a manner that the points are approximately
100 to 120 mm from the surface of the microscope slide held
in the rotating device.

12.4.2 Place the glass slide holding the filters on the rotation
device, and evacuate the evaporator chamber to a vacuum of at
least 13 MPa. Perform the evaporation in very short bursts,
separated by 3 to 4 s to allow the electrodes to cool. An
alternate method of evaporation is by using a slow continuous
applied current. An experienced analyst can judge the thickness
of the carbon film to be applied. Conduct tests on unused filters
first. If the carbon film is too thin, large particles will be lost
from the TEM specimen, and there will be few complete and
undamaged grid openings on the specimen.

12.4.2.1 If the coating is too thick, it will lead to a TEM
image that is lacking in contrast, and the ability to obtain
electron diffraction patterns will be compromised. The carbon
film shall be as thin as possible and still remain intact on most
of the grid openings of the TEM specimen.

12.5 Preparation of the Jaffe Washer— The precise design
of the Jaffe washer is not considered important, so any one of
the published designs may be used (7, 8). One such washer
consists of a simple stainless steel bridge contained in a glass
petri dish.

12.5.1 Place several pieces of lens tissue (7.41) on the
stainless steel bridge. The pieces of lens tissue shall be large
enough to completely drape over the bridge and into the
solvent. In a fume hood, fill the petri dish with acetone (or
DMF) until the height of the solvent is brought up to contact
the underside of the metal bridge as illustrated in Fig. 2.

12.6 Placing the Specimens into the Jaffe Washer.
12.6.1 Place the TEM grids (7.39) shiny side up on a piece

of lens tissue or filter paper so that individual grids can be
easily picked up with tweezers.

12.6.2 Prepare three grids from each sample.
12.6.2.1 Using a curved scalpel blade (7.20), excise at least

two square (3 mm by 3 mm) pieces of the carbon-coated MCE
filter from the glass slide.

than 53 asbestos structures per square millimetre. This gener-
ally corresponds to three or four asbestos structures found in
ten grid openings. The source of the contamination must be
found before any further analysis can be performed. Reject
samples that were processed along with the contaminated
blanks and prepare new samples after the source of the
contamination is found.

11.2 Prepare field blanks which are included with sample
sets in the same manner as the samples, to test for contamina-
tion during the sampling, shipping, handling, and preparation
steps of the method.

12. TEM Specimen Preparation of Mixed Cellulose Ester
(MCE) Filters

NOTE 1—Use of either (he acetone or the diamethylformamide-acetic
acid method is acceptable.

12.1 Acetone Fusing Method'.
12.1.1 Remove a section (a plug) from any quadrant of the

sample and blank filters. Sections can be removed from the
filters using a 7 mm cork borer (7.32). The cork borer must be
wet wiped after each time a section is removed.

12.1.2 Place the filter section (particle side up) on a clean
microscope slide. Affix the filter section to the slide with a
gummed page reinforcement (7.43), or other suitable means.
Label the slide with a glass scribing tool or permanent marker
(7.10).

12.1.3 Prepare a fusing dish from a glass petri dish (7.37)
and a metal screen bridge (7.38) with a pad of five to six
ashless paper filters (7.42) and place in the bottom of the petri
dish (4). Place the screen bridge on top of the pad and saturate
the filter pads with acetone. Place the slide on top of the bridge
in the petri dish and cover the dish. Wait approximately 5 min
for the sample filter to fuse and clear.

12.2 Dimethylformamide-Acetic Acid Method:
12.2.1 Place a drop of clearing solution that consists of

35 % dimethylformamide (DMF), 15 % glacial acetic acid, and
50 % Type II water (v/v) on a clean microscope slide. Gauge
the amount used so that the clearing solution just saturates the
filter section.

12.2.2 Carefully lay the filter segment, sample surface
upward, on top of the solution. Bring the filter and solution
together at an angle of about 20° to help exclude air bubbles.
Remove any excess clearing solution. Place the slide in an
oven or on a'hot plate, in a fume hood, at 65 to 70°C for 10
min.

12.3 Plasma etching of the collapsed filter is required.
12.3.1 The microscope slide to which the collapsed filter

pieces are attached is placed in a plasma asher (7.27). Because
plasma ashers vary greatly in their performance, both from unit
to unit and between different positions in the asher chamber, it
is difficult to specify the exact conditions that must be used.
Insufficient etching will result in a failure to expose embedded
fibers, and too much etching may result in the loss of particles
from the filter surface. To determine the optimum time for
ashing, place an unused 25 mm diameter MCE filter in the
center of a glass microscope slide. Position the slide approxi-
mately in the center of the asher chamber. Close the chamber
and evacuate to a pressure of approximately 40 Pa, while
admitting oxygen to the chamber at a rate of 8 to 20 cm3/min.
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Glass petr! dish
U00 mm x 1 5 mm

Electron microscope
specimens Stainless steel me»h

bridge (SO mesh)

FIG. 2 Example of Design of Solvent Washer (Jatfe Washer)

12.6.2.2 Place the square filter piece carbon-side up on top
of a TEM specimen grid.

12.6.2.3 Place the whole assembly (filter/grid) on the satu-
rated lens tissue in the Jaffe washer.

12.6.2.4 Place the three TEM grid sample filter preparations
on the same piece of lens tissue in the Jaffe washer.

12.6.2.5 Place the lid on the Jaffe washer and allow the
system to stand for several hours.

12.7 Alternately, place the grids on a low level (petri dish
filled to the Vs mark) DMF Jaffe washer for 60 min. Add
enough solution of equal parts DMF/acetone to fill the washer
to the screen level. Remove the grids after 30 min if they have
cleared, that is, all filter material has been removed from the
carbon film, as determined by inspection in the TEM.

12.8 Carefully remove the grids from the Jaffe washer,
allowing the grids to dry before placing them in a clean marked
grid box.

13. TEM Specimen Preparation of Polycarbonate (PC)
Filter

13.1 Cover the surface of a clean microscope slide with two
strips of double-sided adhesive tape.

13.2 Cut a strip of filter paper slightly narrower than the
width of the slide. Position the filter paper strip on the center of
the length of the slide.

13.3 Using a clean, curved scalpel blade, cut a strip of the
PC filter approximately 25 by 6 mm. Use a rocking motion of
the scalpel blade to avoid tearing the filter. Place the PC strip
particle side up on the slide perpendicular to the long axis of
the slide. The ends of the PC strip must contact the double
sided adhesive tape. Each slide can hold several PC strips. With
a glass marker, label each PC strip with the individual sample
number.

13.4 Carbon coat the PC filter strips as discussed in 12.4.2.
PC filters do not require etching.

NOTE 2—Caution: Do not overheat the filter sections while carbon
coating.

13.5 Prepare a Jaffe washer as described in 12.5, but fill the
washer with chloroform or l-methyl-2-pyrrolidone to the level
of the screen.

13.6 Using a clean curved scalpel blade, excise three, 3-mm
square filter pieces from each PC strip. Place the filter squares
carbon side up on the shiny side of a TEM grid. Pick up the
grid and filter section together and place them on the lens tissue
in the Jaffe washer.

13.7 Place the lid on the Jaffe washer and rest the grids in
place for at least 4 h. Best results are obtained with longer
wicking times, up to 12 h.

13.8 Carefully remove the grids from the Jaffe washer,
allowing the grids to dry before placing them in a clean,
marked grid box.

14. Grid Opening Measurements

14.1 TEM grids must have a known grid opening area.
Determine this area as follows:

14.2 Measure at least 20 grid openings in each of 20 random
75 to 100 um (200-mesh) copper grids for a total of 400 grid
openings for every 1000 grids used, by placing the 20 grids on
a glass slide and examining them under the optical microscope.
Use a calibrated graticule to measure the average length and
width of the 20 openings from each of the individual grids.
From the accumulated data, calculate the average grid opening
area of the 400 openings.

14.3 Grid area measurements can also be made at the TEM
at a calibrated screen magnification of between 15 000 and
20 OOOX. Typically measure one grid opening for each grid
examined. Measure grid openings in both the x and y directions
and calculate the area.

14.4 Pre-calibrated TEM grids are also acceptable for this
test method.

15. TEM Method

15.1 Microscope settings: 80 to 120 kV, 15 000 to 20 OOOX
screen magnification for analysis (7.2).

15.2 Analyze two grids for each sample. Analyze one-half
of the sample area on one sample grid preparation and the
remaining half on a second sample grid preparation.

15.3 Determination of Specimen Suitability:
15.3.1 Carefully load the TEM grid, carbon side facing up

(in the TEM column) with the grid bars oriented parallel/
perpendicular to the length of the specimen holder. Use a hand
lens or loupe, if necessary. This procedure will line up the grid
with the X and y translation directions of the microscope.
Insert the specimen holder into the microscope.

15.3.2 Scan the entire grid at low magnification (250X to
1000X) to determine its suitability for high magnification
analysis as specified in 15.3.3.

15.3.3 Grids are acceptable for analysis if the following
conditions are met:

15.3.3.1 The fraction of grid openings covered by the
replica section is at least 50 %.

15.3.3.2 Relative to that section of the grid covered by the
carbon replica, the fraction of intact grid openings is greater
than 50 %.

15.3.3.3 The fractional area of undissolved filter is less than
10%.

15.3.3.4 The fraction of grid openings with overlapping or
folded replica film is less than 50 %.

15.3.3.5 At least 20 grid openings, that have no overlapping
or folded replica, are less than 5 % covered with holes and have
less than 5 % opaque area due to incomplete filter dissolution.

15.4 Determination of Grid Opening Suitability:
15.4.1 If the grid meets acceptance criteria, choose a grid

opening for analysis from various areas of the grid so that the
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entire grid is represented. Determine the suitability of each
individual grid opening prior to the analysis.

15.4.2 The individual grid opening must have less than 5 %
holes over its area.

15.4.3 Grid openings must be less than 25 % covered with
particulate matter.

15.4.4 Grid openings must be uniformly loaded.
15.5 Observe and record the orientation of the grid at 80 to

150X, on a grid map record sheet along with the location of the
grid openings that are examined for the analysis. If indexed
grids are used, a grid map is not required, but the identifying
coordinates of the grid square must be recorded.

16. Recording Data Rules

16.1 Record on the count sheet any continuous grouping of
particles in which an asbestos fiber is detected. Classify
asbestos structures as fibers, bundles, clusters, or matrices as
defined in 5.2.

16.2 Use the criteria for fiber, bundle, cluster, and matrix
identification, as described in the USEPA Asbestos-Containing
Materials in Schools document (4). Record, for each AHERA
structure identified, the length and width measurements.

16.3 Record NSD (No Structures Detected) when no struc-
tures are detected in the grid opening.

16.4 Identify structures classified as chrysotile identified by
either electron diffraction or X-ray analysis (7.3) and recorded
on a count sheet. Verify at least one out of every ten chrysotile
structures by X-ray analysis.

16.5 Structures classified as amphiboles by X-ray analysis
and electron diffraction are recorded on the count sheet. For
more information on identification, see Yamate, et al, (7) or
Chatfield and Dillon (8).

16.6 Record a typical electron diffraction pattern for each
type of asbestos observed for each group of samples (or a
minimum of every five samples) analyzed. Record the micro-
graph number on the count sheet. Record at least one X-ray
spectrum for each type of asbestos observed per sample. Attach
the print-outs to the back of the count sheet. If the X-ray
spectrum is stored, record the file and disk number on the count
sheet.

16.7 Counting Rules:
16.7.1 At a screen magnification of between 15000 and

20 OOOX evaluate the grids for the most concentrated sample
loading; reject the sample if it is estimated to contain more than
50 asbestos structures per grid opening. Proceed to the next
lower concentrated sample until a set of grids are obtained that
have less than 30 asbestos structures per grid opening.

16.8 Analytical Sensitivity—An analytical sensitivity of ap-
proximately 1000 asbestos structures per square centimetre
(calculated for the detection of a single asbestos structure) has
been designed for this analysis. This sensitivity can be
achieved by increasing the amount of liquid filtered, increasing
the number of grid openings analyzed, or decreasing the size of
the final filter. Occasionally, due to high particle loadings or
high asbestos concentration, this analytical sensitivity cannot
be practically achieved and stopping rules apply.

16.9 Limit of Detection—The limit of detection for this
method is defined as, at a minimum, the counting of four
asbestos structures during the TEM analysis. If less than four
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asbestos structures are counted during the analysis then the
analytical result which will be reported will be less than the
limit of detection and a "less than" sign (<) will appear before
the number. All data shall be provided in the laboratory report.

16.10 Stopping Rules:
16.10.1 The analysis is stopped upon the completion of the

grid square that achieves an analytical sensitivity of less than
1000 asbestos structures per square centimetre.

16.10.2 If an analytical sensitivity of 1000 asbestos struc-
tures per square centimetre cannot be achieved after analyzing
ten grid openings then stop on grid opening No. 10 or the grid
opening which contains the 100th asbestos structure, which-
ever comes first. A minimum of four grid squares shall be
analyzed for each sample.

16.10.2.1 If the analysis is stopped because of the 100th
structure rule, the entire grid square containing the 100th
structure must be counted.

16.11 After analysis, remove the grids from the TEM, and
replace them in the appropriate grid storage holder.

17. Sample Storage

17.1 The washed-out sample cassettes can be discarded
after use.

17.2 Sample grids and unused filter sections (7.18) must be
stored for a minimum of one year.

18. Reporting

18.1 Report the following information for each dust sample
analyzed:

18.1.1 Concentration in structures/cm2.
18.1.2 The analytical sensitivity.
18.1.3 Types of asbestos present.
18.1.4 Number of asbestos structures counted.
18.1.5 Effective filtration area.
18.1.6 Average size of the TEM grid openings that were

counted.
18.1.7 Number of grid openings examined.
18.1.8 Sample dilution used.
18.1.9 Area of the surface sampled.
18.1.10 Listing of size data for each structure counted.
18.1.11 A copy of the TEM count sheet or a complete listing

of the raw data. An example of a typical count sheet is shown
in Appendix XI.

18.2 Determine the amount of asbestos in any accepted
sample using the following formula:

EFA X 100 mL X #STR ,
= asbestos structures/cm (1)

where:
#STR
EFA

GO
GOA
SPL
V

GO x GOA X V x SPL

= number of asbestos structures counted,
= effective filter area of the final sampling filter,

mm2,
= number of grid openings counted,
= average grid opening area, mm2,
= surface area sampled, cm2, and
= volume of sample filtered in step 10.4.9, repre-

senting the actual volume taken from the original
100 mL suspension, mL.
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history of the particular microscope.
(c) (c) Check the calibration after any maintenance of the

microscope that involves adjustment of the power supply to the
lens or the high voltage system or the mechanical disassembly
of the electron optical column (apart from filament exchange).

(d) (d) The analyst must ensure that the grating replica is
placed at the same distance from the objective lens as the
specimen.

(e) (e) For instruments that incorporate a eucentric tilting
specimen stage, all specimens and the grating replica must be
placed at the eucentric position.

20.3.1.4 The smallest spot size of the TEM must be
checked.

(a) (a) At the crossover point, photograph the spot size at
a screen magnification of 15 000 to 20 OOOX. An exposure time
of 1 s is usually adequate.

(b) (b) The measured spot size must be less than or equal
to 250 nm.

20.4 EDXA:
20.4.1 The resolution and calibration of the EDXA must be

verified.
20.4.1.1 Collect a standard EDXA Cu peak from the Cu

grid.
20.4.1.2 Compare the X-ray energy versus channel number

for the Cu peak and be certain that readings are within ± 10 eV.
20.4.2 Collect a standard EDXA of crocidolite asbestos

(NISTSRM 1866).
20.4.2.1 The elemental analysis of the crocidolite must

resolve the Na peak.
20.4.3 Collect a standard EDXA of chrysotile asbestos.
20.4.3.1 The elemental analysis of chrysotile must resolve

both Si and Mg on a single chrysotile fiber.
20.5 Ultrasonic bath calibration shall be performed us fol-

lows:
20.5.1 Fill the bath water to a level equal to the height of

suspension in the glass sample container that will be used for
the dust analysis. Operate the bath until the water reaches the
equilibrium temperature.

20.5.2 Place 100 mL of water (at approximately 20°C) in
another 200-mL glass sample container, and record its tem-
perature.

20.5.3 Place the sample container in the .water in the
ultrasonic bath (with the power turned off). After 60 s, remove
the glass container and record its temperature.

20.5.4 Place 100 mL of water (at approximately 20"C) in
another 200-mL glass sample container, and record its tem-
perature.

20.5.5 Place the second sample container into the water in
the ultrasonic bath (with the power turned on). After 60 s,
remove the glass container and record its temperature.

20.5.6 Calculate the rate of energy deposition into the
sample container using the following formula:

19. Quality Control/Quality Assurance

19.1 In general, the laboratory's quality control checks are
used to verify that a system is performing according to
specifications regarding accuracy and consistency. In an ana-
lytical laboratory, spiked or known quantitative samples are
normally used. However, due to the difficulties in preparing
known quantitative asbestos samples, routine quality control
testing focuses on re-analysis of samples (duplicate recounts).

19.1.1 Re-analyze samples at a rate of '/to of the sample sets
(one out of every ten samples analyzed not including labora-
tory blanks). The re-analysis shall consist of a second sample
preparation obtained from the final filter.

19.2 In addition, quality assurance programs must follow
the criteria shown in the USEPA Asbestos-Containing Materi-
als in Schools document (4) and in the N1ST/NVLAP Program
Handbook/or Airborne Asbestos Analysis document (6). These
documents describe sample custody, sample preparation, blank
checks for contamination, calibration, sample analysis, analyst
qualifications, and technical facilities.

20. Calibrations
20.1 Perform calibrations of the instrumentation on a regu-

lar basis, and retain these records in the laboratory, in accor-
dance with the laboratory's quality assurance program.

20.2 Record calibrations in a log book along with dates of
calibration and the attached backup documentation.

20.3 A calibration list for the instrument is as follows:
20.3.1 TEM:
20.3.1.1 Check the alignment and the systems operation.

Refer to the TEM manufacturer's operational manual for
detailed instructions.

20.3.1.2 Calibrate the camera length of the TEM in electron
diffraction (ED) operating mode before ED patterns of un-
known samples are observed. Camera length can be measured
by using a carbon coated grid on which a thin film of gold has
been sputtered or evaporated. A thin film of gold is evaporated
on the specimen TEM grid to obtain zone-axis ED patterns
superimposed with a ring pattern from the polycrystalline gold
film. In practice, it is desirable to optimize the thickness of the
gold film so that only one or two sharp rings are obtained on
the superimposed ED pattern. Thick gold films will tend to
mask weak diffraction spots from the fibrous particles. Since
the unknown d-spacings of most interest in asbestos analysis
are those which lie closest to the transmitted beam, multiple
gold rings from thick films are unnecessary. Alternatively, a
gold standard specimen can be used to obtain an average
camera constant calculated for that particular instrument and
can then be used for ED patterns of unknowns taken during the
corresponding period.

20.3.1.3 Perform magnification calibration at the fluorescent
screen. This calibration must be performed at the magnification
used for structure counting. Calibration is performed with a
grating replica (7.47) (for example, one containing at least
2160 lines/mm).

(a) (a) Define a field of view on the fluorescent screen. The
field of view must be measurable or previously inscribed with
a scale or concentric circles (all scales should be metric).

(b) (b) Frequency of calibration will depend on the service

R = 4.185 x a x px (82 - (2)

where:
4.185 = Joules/caJ,
R = energy deposition, watts/mL,
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6 , = temperature rise with the ultrasonic bath not
operating, °C,

02 = temperature rise with the ultrasonic bath operat-
ing, °C,

t = time in seconds, 60 s (20.5.3 and 20.5.5),
a = specific heat of the liquid in the glass sample

container, 1.0 cal/g, and
p = density of the liquid in the glass sample container,

l.Og/cm3.

20.5.7 Adjust the operating conditions of the bath so that the
rate of energy deposition is in the range of 0.08 to 0.12 MW/m
3, as defined by this procedure.

21. Precision and Bias

21.1 Precision—The precision of the procedure in this test
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method is being determined using round robin data from
participating laboratories.

21.2 Bias—Since there is no accepted reference material
suitable for determining the bias of the procedure in this test
method, bias has not been determined (see Specification
D 3670).

NOTE 3—Round robin data is under development and will be presented
as a research report.

22. Keywords

22.1 asbestos; microvacuuming; settled dust; TEM

APPENDIX

(Nonmandatory Information)

XI. DUST SAMPLE ANALYSIS

Xl. l See Figs. Xl. l and XI.2 for the dust analysis
worksheet and the TEM count sheet.
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DUST SAMPLE ANALYSIS
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Client:

Sample ID:

Job Number:

Date Sample Analyzed:

Number of Openings/Grids Counted:

Grid Accepted. 600X: Yes

Percent Loading:

Grid Box #1:

No

%

Analyst:

Reviewer:

Calculation Data:

Effective Filter Area in mm2:

Number of Grid Openings Counted:

Avderage Grid Opening Area in mm2:

Volume of sample Filtered in ml:

Surface area Sampled in cm2:

Number of Asbestos Structures Counted:

Accelerating Voltage:

Indicated Mag:

Screen Mag:

Microscope: 1

KX

KX

2 3 4 5

Filter Type:

Filter Size:

Filter Pore Size (fjm):

Grid Opening: 1)

2)

/um x pm

fjm x pm

Counting Rules: AHERA LEVEL II

(EFA)

(GO)

(GOA)

(V)

(SPL)

(#STR)

* If the number of asbestos structures counted is less than or equal to 4, enter 4 structures as the limit of detection here.

FORMULA FOR CALCULATION OF ASBESTOS STRUCTURES "DUST1 PER CM2:

EFAX X 100 X #STR

GO X GOA X VX SPL

(Asbestos Structures per cm2)

Results for Total Asbestos Structures:

Results for Structures > microns:

(Structures per cm2)

(Structures per cm2)
FIG. XI .1 Dust Sample Analysis Work Sheet



NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

D5755

Job Number:

Structure
#

Grid#
Square # Type Structure

Length
Microns

Width
Microns

Confirmation
Morph. SAED EDS

Note: Keys to Abbreviations Used in Figure:

Type:
C = Chrysotile

AM = Amosite
CR = Crocidolite
AC = Actinolite
TR = Tremolite
AN = Anthophyllite
N = Non Asbestos

Structure:

F =
B =
C =
M =

Fiber
Bundle
Cluster
Matrix

NSD
Morph
SAED
EDS
ER
NP

Others:

No Structures Detected
Morphology
Selected Area Electron Diffraction
Energy Dispersive X-Ray Spectroscopy
Inter-Row Spacing
No Pattern

FIG. X1.2 TEM Count Sheet

12



NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

D5755

REFERENCES

(1) Sleel, E. and Wylie, A., "Mincralogical Characteristics of Asbestos," in
Geology of Asbestos Deposits, Riordon, P. H., Ed., SME-AIME, 1981,
pp. 93-101.

(2) Zussman, J., "The Mineralogy of Asbestos," in Asbestos: Properties,
Applications and Hazards, John Wiley and Sons, 1979, pp. 45-67.

(3) Leake, B. E., "Nomenclature of Amphiboles," American Mineralogist,
Vol 63, 1978, pp. 1023-1052.

(4) " USEPA Asbestos-Containing Materials in Schools: Final Rule and
Notice," Federal Register, 40 CFR Part 763, Appendix A to Sub-part
E., Oct. 30, 1987.

(5)OSHA, OSHA Technical Manual, OSHA Instruction CPL 2-20B,
Directorate of Technical Support, U.S. Department of Labor, Wash-
ington, DC 20210, Feb. 5, 1990, pp. 1-8 to 1-11.

(6) NIST/NVLAP Program Handbook for Airborne Asbestos Analysis,
NISTIR, August 1989, pp. 89-4137.

(7) Yamate, G., Agarwall, S. C, and Gibbons, R. D., "Methodology for the
Measurement of Airborne Asbestos by Electron Microscopy," EPA
Draft Report, Contract No. 68-02-3266, 1984.

(8) Chatfield, E. J., and Dillon, M. J., "Analytical Method for the
Determination of Asbestos in Water," EPA No. 600/4-83-043, 1983.

ASTM International takes no position respecting the validity of any patent rights asserted In connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirety their own responsibility.

This standard Is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, POBoxCTOO, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

13



Tabbed Page:
2



Designation: D 6620 - 00

Standard Practice for
Asbestos Detection Limit Based on Counts1

This standard is issued under the fixed designation D 6620; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This practice presents the procedure for determining the
detection limit (DL)2 for measurements of fibers or structures3

using microscopy methods.
1.2 This practice applies to samples of air that are analyzed

either by phase contrast microscopy (PCM) or transmission
electron microscopy (TEM), and samples of dust that are
analyzed by TEM.

1.3 The microscopy methods entail counting asbestos struc-
tures and reporting the results as structures per cubic centime-
ter of air (str/cc) or fibers per cubic centimeter of air (f/cc) for
air samples and structures per square centimeter of surface area
(str/cm2) for dust samples.

2. Referenced Documents
2.1 ASTM Standards:
D 1356 Terminology Relating to Sampling and Analysis of

Atmospheres4

D 5755 Test Method for Microvacuum Sampling and Indi-
rect Analysis of Dust by Transmission Electron Micros-
copy for Asbestos Structure Number Concentrations4

D6281 Test Method for Airborne Asbestos Concentration
in Ambient and Indoor Atmospheres as Determined by
Transmission Electron Microscopy Direct Transfer (TEM)

D 6480 Test Method for Wipe Sampling of Surfaces, Indi-
rect Preparation, and Analysis of Asbestos Structure Num-
ber Concentration by Transmission Electron Microscopy4

E 456 Terminology for Relating to Quality and Statistics5

3. Terminology
3.1 Definitions of Terms Specific to This Standard:

1 This practice is under the jurisdiction of ASTM Committee D22 on Air Quality
and is the direct responsibility of Subcommittee D22.07 on Sampling and Analysis
of Asbestos.

Current edition approved December 10, 2000. Published March 2001.
3 The DL also is referred to in the scientific literature as Limit of Detection

(LOD), Method Detection Limit (MDL). and other similar descriptive names.
3 For purposes of general exposition, the term "structures" will be used in place

of "fibers or structures." In the examples in Section 8, the specific term, "fiber" or
"structure," is used where appropriate. These terms are defined separately in Section
3.

* Annual Book of ASTM Standards, Vol 11.03.
'Annual Book of ASTM Standards, Vol 14.02.

3.1.1 average, n—the sum of a set of measurements
(counts) divided by the number of measurements in (he set.

3.1.1.1 Discussion—The average is distinguished from the
mean. The average is calculated from data and serves as an
estimate of the mean. The mean (also referred to as the
population mean, expected value, or first moment) is a param-
eter of the underlying statistical distribution of counts.

3.1.2 background, n—a statistical distribution of structures
introduced by (i) analyst counting errors and (H) contamination
on an unused filter or contamination as a consequence of the
sample collection and sample preparation steps.

3.1.2.1 Discussion—This definition of background is spe-
cific to this practice. The only counting errors considered in
this definition of background are errors that result in an
over-count (that is, false positives). Analyst counting errors are
errors such as, determining the length of structures or fibers
and whether, based on length, they should be counted; counting
artifacts as fibers; determining the number of structures pro-
truding from a matrix; and interpreting a cluster as one, two, or
more structures that should be counted only as zero or one
structure. For purposes of developing the DL, assume that
background contamination sources have been reduced to their
lowest achievable levels.

3.1.3 blank, n—a filter that has not been used to collect
asbestos from the target environment.

3.1.3.1 Discussion—Blanks are used in this practice to
determine the degree of asbestos contamination that is reflected
in asbestos measurements. Contamination may be on the virgin
filter or introduced in handling the filter in the field or when
preparing it for inspection with a microscope. The data
required to'.determine the degree of contamination consists,
therefore, of measurements of field blanks that have experi-
enced the full preparation process.

3.1.4 decision value, n—a numerical value used as a bound-
ary in a statistical test to decide between the null hypothesis
and the alternative hypothesis.

3.1.4.1 Discussion—In the present context, the decision
value is a structure count that defines the boundary between
"below detection" (the null hypothesis) and "detection" (the
alternative hypothesis). If a structure count were larger than the
decision value, then one would conclude that detection has
been achieved (that is, the sample is from a distribution other
than the background distribution). If the count were less than or

Reprinted with permission from the Annual Book of ASTM Standards, copyright ASTM International, 100 Barr Harbor Drive. West Conshohocken, PA 19428.

Copyright O ASTM International, 100 Barr Harbor Drive, PO Box C700. Wesl Conshohocken, PA 19428-2969. United States.
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equal to the decision value, the result would be reported as
"below detection," which means that the sample cannot be
differentiated from a sample that would have been collected
from the background distribution.

3.1.5 detection limit—the mean of a structure count popu-
lation that is sufficiently large so a measurement from this
population would have a high probability (for example, 0.95 or
larger) of exceeding the decision value that determines detec-
tion.

3.1.5.1 Discussion—The DL is the value of a parameter, the
true mean of a structure count population in the statistical
hypothesis testing problem, that underlies the DL concept.
Specifically, it is the true mean of the alternative hypothesis
that ensures a sufficiently high power for the statistical test that
determines detection.

3.1.6 count, n—the number of fibers or structures identified
in a sample.

3.1.7 fiber, n—any of various discrete entities with essen-
tially parallel sides counted by a particular method that
specifies length, width, and aspect ratio.

3.1.7.1 Discussion—The definitions of "fiber" and "struc-
ture" are similar because the measurement method employed
specifies the shape, length, width, and aspect ratio.

3.1.8 mean, n—the mean value of the number of structures
in the population of air or dust sampled.

3.1.8.1 Discussion—The mean in this definition is intended
to be the population mean, expected value, or first moment of
a statistical distribution. It is a theoretical parameter of the
distribution that may be estimated by forming an average of
measurements (refer to Terminology E 456 for definition of
population).

3.1.9 power, n—the probability that a count exceeds the
decision value for a sample that was obtained from a popula-
tion other than the background population.

3.1.9.1 Discussion—Power is the probability of selecting,
based on a statistical test, the alternative hypothesis when it is
true. In the present context, this means the probability of
making the correct decision to report a structure concentration
for a sample that was collected from a population other than the
background population. The power of the statistical test equals
1 minus the type II error rate.

3.1.10 replicate, n—a second measurement is a replicate of
the initial measurement if the second measurement is obtained
from an identical sample and under identical conditions as the
initial measurement.

3.1.10.1 Discussion—"Identical," as applied to sample, can
mean" same subsample preparation," "separate preparation of
a distinct subsample," or a distinct sample obtained from the
same population as the initial sample. For this practice,
"identical" means distinct sample obtained from the same
population as the initial sample.

3.1.11 sample, n—the segment of the filter that is inspected,
and thereby, embodies the air or dust that was collected and the
subset of structures that were captured on the portion of the
filter subjected to microscopic inspection (also, see Terminol-
ogy D 1356).

3.1.12 sensitivity, n—the structure concentration corre-
sponding to a count of one structure in the sample.

3.1.13 structure, n—any of various discrete entities counted
by a particular method that specifies shape, length, width, and
aspect ratio.

3.1.14 type I error, n—choosing, based on a statistical test,
the alternative hypothesis over the null hypothesis when the
null hypothesis is, in fact, true; a false positive outcome of a
statistical test.

3.1.14.1 Discussion—A type I error would occur if the
count for a sample exceeded the decision value, but the sample
was, in fact, obtained from the background population. The
analyst erroneously would be led by the statistical test to report
a structure concentration (that is, choose the alternative hy-
pothesis of the statistical test), where the result should be
reported as "below the detection limit" (that is, the null
hypothesis of the statistical test is true).

3.1.15 type II error, n—choosing, based on a statistical test,
the null hypothesis over the alternative hypothesis when the
alternative hypothesis is, in fact, true; a false negative outcome
of a statistical test.

3.1.15.1 Discussion—A type n error would occur if the
count for a sample does not exceed the decision value, but the
sample was, in fact, obtained from a population other than the
background population. The analyst would erroneously be led
by the statistical test to report a "below the detection limit"
result (that is, choose the null hypothesis of the statistical test),
where the result should be reported as a structure concentration
(that is, the alternative hypothesis of the statistical test is true).

3.1.16 type I error rate, n—the probability of a type I error
(also referred to as the significance level, a-level, or p-value of
the statistical test).

3.1.17 type II error rate, n—the probability of a type n error
(also referred to as the (J-level of the statistical test).

3.1.18 X—lambda, the Greek letter used to represent the
population mean of a Poisson distribution.

3.1.19 Xo—the population mean of the Poisson distribution
of background counts.

3.1.19.1 Discussion—\0 is the population mean of the
Poisson distribution under the null hypothesis in the statistical
hypothesis testing problem that defines the DL.

3.1.20 \;—the population mean of the Poisson distribution
under the alternative hypothesis in the statistical hypothesis
testing problem that defines the DL (DL = \;).

3.1.21 x0—decision value for determining detection. If the
count in a measurement is not greater than Xg, the measurement
is reported as "below detection."

3.1.22 X—a Poisson distributed random variable used to
denote the number of structures (fibers) counted in a sample.

3.1.23 A—the area of the filter inspected to obtain a
structure count.

3.1.24 P(X>x/k, A)—the Poisson probability of a structure
count exceeding x structures (fibers) when the population mean
is equal to \ and an area, A, of the filter is inspected.

4. Significance and Use

4.1 The DL concept addresses potential measurement inter-
pretation errors. It is used to control the likelihood of reporting
a positive finding of asbestos when the measured asbestos level
cannot clearly be differentiated from the background contami-
nation level. Specifically, a measurement is reported as being
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"below the DL" if the measured level is not statistically
different than the background level.

4.2 The DL, along with other measurement characteristics
such as bias and precision, is used when selecting a measure-
ment method for a particular application. The DL should be
established either at the method development stage or prior to
a specific application of the method. The method developer
subsequently would advertise the method as having a certain
DL. An analyst planning to collect and analyze samples would,
if alternative measurement methods were available, want to
select a measurement method with a DL that was appropriate
for the intended application.6 The most important use of the
DL, therefore, takes place at the planning stage of a study,
before samples are collected and analyzed.

5. Descriptive Terms and Procedures
5.1 Introduction:
5.1.1 The DL is one of a number of characteristics used to

describe the expected performance of a measurement method.7

The DL concept addresses certain potential measurement
interpretation errors. Specifically, a measurement is reported as
being "below the DL" if the measured level cannot be
distinguished from zero or from the randomly varying back-
ground contamination level. Stated differently, the DL provides
protection against a false positive finding. When a measured
value is less than an appropriately specified decision value, the
analyst is instructed to disregard the measured value and report
the result only as "below the DL."

5.1.2 The DL concept for asbestos measurements, which are
based on microscopy, is simpler than the DL concept for
measurement methods that depend, for example, on spectros-
copy. For asbestos, the measurement is derived from a direct
count of discrete structures using a microscope. For spectros-
copy methods, the measurement is indirect requiring a calibra-
tion curve, and is subject to interferences and unspecified
background signals that could be responsible for measurement
values that are false positives.

5.1.3 The sources of false positives for asbestos counts are
(0 analyst errors (for example, determining the length of
structures or fibers and whether, based on length, they should
be counted; counting artifacts as fibers; determining the num-
ber of structures protruding from a matrix; interpreting a
cluster as one, two, or more structures that should be counted
only as zero or one), and («i) contamination (for example,
virgin filter contamination or contamination introduced during
sample collection or sample preparation). Collectively, these
sources are referred to subsequently as "background." For
purposes of developing the DL, assume that each background
source has been reduced to its lowest achievable level.

5.2 DL—General Discussion:
5.2.1 DLs often have been misspecified and misinterpreted

because the DL concept has not been defined with sufficient

clarity for translation into operational terms; however, the DL
concept and operational implementation have been presented
correctly in the scientific literature by a number of authors.8

These authors describe the DL as a theoretical value, specifi-
cally the true mean concentration of a substance in a sampled
medium. This true mean, the DL, must be large enough to
ensure a high probability (for example, 0.95 or larger) of
concluding based on one or more measurements from a sample
of the medium that the true concentration in the medium is, in
fact, greater than zero or greater than an appropriately defined
background level. The DL, therefore, is a parameter in the
statistical decision that determines whether the concentration
of a substance in a sample is consistent with the background
level, which may be zero, or is greater than the background
level.

5.2.2 Determining whether the mean concentration of a
substance in a sample is consistent with the background
concentration or is greater than the background concentration
is a statistical decision problem. Due to statistical variation,
replicate measurements of a sample or measurements from
replicate samples do not yield identical results; thus, a mea-
surement may exceed the true background mean level even if
the sample were collected from the background distribution.
Differences in replicate results are characterized as statistical
variation. Values of replicate measurements are described by a
probability distribution. The decision concerning whether or
not a measurement is consistent with the background concen-
tration fits the standard hypothesis testing framework in
statistics. The statistical testing problem, therefore, provides
the necessary structure for determining a numerical value for
the DL, as well as a rule for reporting measurements as "below
the DL."

5.2.3 The DL is determined by formulating the statistical
testing problem as follows.

5.2.3.1 Consider a statistical test, based on one measure-
ment, of the null hypothesis that the true mean concentration,
X, of substance in a sample is equal to the background mean,
X0, versus the alternative hypothesis that X is greater than XQ.
The typical decision rule leads to a choice of X>\0 over X=X0

if a standardized measurement9 is larger than a specified
decision value for the statistical test. The decision value is
chosen to control the Type I error rate (also referred to here as
the false positive rate) of the statistical lest. The false positive
rate is the probability that a measurement will exceed the

* For example, the purpose of the measurements might be to assess differences
in the levels of a substance between two sources. If it were anticipated that the levels
associated with each source are likely to be less than the DL of a particular
measurement method, that method would not be appropriate for the intended
application.

7 Other characteristics are precision, bias, and for asbestos measurements,
sensitivity.

8 Clayton, C. A., Mines, J. W_ and Elkins, P. D., "Detection Limits with Specified
Assurance Probabilities," Analytical Chan. 59, 1987, 2506-2514; Currie, L. A.,
"Limits of Qualitative Detection and Quantitative Determination: Application to
Radiochemistry," Analytical Chem., Vol 40, 1968, 5S6-593; Currie, L. A., "Lower
Limit of Detection: Definition and Elaboration of a Proposed Position for Radio-
logical Effluent and Environmental Measurements," National Bureau or Standards
Report, 1984; Fowler, D. P., "Definition of Lower Limits for Airborne Particle
Analyses Based on Counts and Recommended Reporting Conventions," Ann. Occup
Hyg.. Vol 41 Supplement 1, 1997, 203-209.

'In this statistical context, a standardized measurement is calculated as the
measurement minus the background mean divided by the standard, deviation of the
background distribution.
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chosen decision value, leading to acceptance of X>X0, when
the true mean concentration is, in fact, X^10

5.2.3.2 The DL concept, although providing protection
against false positives in measurement systems, also requires
consideration of probabilities associated with true positives. A
high degree of confidence (that is, a high probability) is
required that decision in favor of X>\0 over X=X0 is correct. In
statistical hypothesis testing terminology, this probability is
referred to as the "power of the statistical test."

5.2.3.3 The power of a statistical test is the probability that
a measurement exceeds the decision value (that is, the prob-
ability that the measurement leads to the choice, \>X0) when
the true mean concentration is a value larger than X,,. The
power of the test is an increasing function of the true mean, X.
The DL is the value of X that makes the power sufficiently
large. EPA definitions of the DL indicate that power, the
probability of a true positive result, should be 0.95 or greater.

5.2.4 Based on the structure outlined in 5.2.3.3 reporting
measurements subject to DL considerations would be imple-
mented as follows:

5.2.4.1 Determine the decision value in the statistical test
for determining if a measurement is large enough to conclude
that X>X0 is correct and determine the value of X, say Xy, to
achieve sufficient power. X, is the DL.

5.2.4.2 If the measured value exceeds the decision value,
report the measured value. If the measured value is less than or
equal to the decision value, report that the measurement is
"below the DL."

6. Application to Air Samples

6.1 The statistical hypothesis testing formulation described
above and the Poisson distribution are employed to define and
calculate DLs for measurements of airborne structure concen-
trations.

6.2 For the DL concept to have meaning there must be a
background distribution of structure measurements. The back-
ground distribution consists of sources of structures that are not
the measurement targets of interest but cannot be eliminated or
further reduced.

6.2.1 The background distribution for airborne structure
measurements is a combination of (i) analyst error and (/«)
contamination (filter or laboratory).

6.2.1.1 Analyst errors are errors such as: determining the
length of structures or fibers and whether, based on length, they
should be counted; counting artifacts as fibers; determining the
number of structures protruding from a matrix; interpreting a
cluster as one, two, or more structures that should be counted
only as zero or one.''

6.2.1.2 Filters may become contaminated from impurities
that are inherent in their production or in the laboratory during

filter preparation for analysis in the laboratory. Filter contami-
nation should be minimized by laboratory QA/QC proce-
dures.12

6.2.2 All background sources should be reduced to their
lowest achievable levels. From an empirical perspective, it is
neither practical nor necessary to quantify the background
sources separately. The background level may be determined
by analyzing blanks without attempting to differentiate among
sources.13

6.3 Characterization of Sampling and Analysis to Measure
Airborne Asbestos—As an aid in the subsequent discussion, a
simplified characterization of air sampling and analysis for
measuring airborne asbestos concentrations is used. Although
this characterization of the measurement process may lack
important details from a microscopist's perspective, it is
adequate for describing how to calculate a DL (refer to D 6281
and NIOSH 740014 for additional details).

6.3.1 Air sampling is accomplished by drawing air through
a filter at a specified rate for a specified period of time.
Airborne particles consisting of asbestos and other matter are
deposited on the filter. After air sampling has been completed,
a section of the filter is prepared for inspection by microscopy.
A specified number of fields of view of known size (that is,
graticule fields for PCM and grid openings for TEM), are
randomly selected and inspected microscopically. The particles
found in each field of view are classified as fibers for PCM or
asbestos structures for TEM and a count is recorded. The count
obtained from the fields that were inspected is increased by an
appropriate factor to produce an estimated count for the total
filter. This estimate is divided by the volume of air collected
during sampling. The resulting measurement is interpreted as
an estimate of the asbestos concentration in the air, and is
reported in units of fibers/cc of air (f/cc) for PCM or
structures/cc of air (str/cc) for TEM.

6.3.2 The information described in 6.3.1 that is needed to
address DLs can be summarized as a single number-
measurement "sensitivity." Sensitivity is a characteristic that
applies to individual measurements.15 Sensitivity is defined as
the structure concentration corresponding to a count of one
structure in the sample. Sensitivity, therefore, depends on air
volume and the fraction (a proportion) of the filter that is
inspected: The fraction depends on the size of the effective
filter collection area, the size of the fields of view, and the
number of fields of view that are inspected.

Sensitivity (5) = [(EFA/(FOV*FOVA)]/V (I)

where:

10 This probability also is referred to as the significance level or p-value of the
test and typically is selected to be 0.05, but could be larger or smaller to reflect the
gravity of the consequences of a false positive.

" Misclassification of a nonasbestos structure as an asbestos structure is not
treated as a false positive in the present discussion of DLs. For purposes of denning
a DL, consider only the background sources described above as contributing to false
positives.

12 QA/QC procedures include: testing a sample of niters from a new supply
before the new supply is used in the field; and diligently eliminating sources of
asbestos contamination from the laboratory.

11 Background estimation methods are described in 6.4.2.
14 Asbestos and Other Fibers by PCM, "NIOSH Manual of Analytical Methods,

Fourth Edition, 8/15/94.
13 The sensitivity concept also may be applied to averages of multiple measure-

ments in situations where "a measurement" always means the average of a specified
number of independent replicate measurements. This application of sensitivity is not
discussed here.
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EFA - the effective filter collection area in square milli-
meters (mm2);

FOV = the number of fields of view;
FOVA = the average field of view area in mm2; and,
V = air volume in cubic centimeters (cc).

6.3.3 Given any value as a requirement for sensitivity, the
air volume, field of view size, and number of fields of view
may be varied to achieve the required value.

NOTE 1—Typical EFAs are 385 mm2 for a filter with a 25-mm diameter
and 855-mm2 for a filter with a 37-mm diameter.

6.3.4 From the definition of sensitivity, it follows that the
structure concentration measurement for a sample is the
number of structures counted multiplied by sensitivity:

strlcc = (# structures)*S (2)

6.4 Based on the usual assumption that the structure count
from an air sample is described by the Poisson probability
distribution, equations were developed for calculating DLs.
The DL is stated as a mean structure count. The mean structure
count may subsequently be translated to concentration units
(str/cc) through multiplication by the sensitivity of the mea-
surement as shown in Eq 2.

6.4.1 Background Mean Known16—Let X represent the
number of structures counted in a sample based on inspection
of a filter area equal to A (A = 2F0V;-F0V/1( where FOVf is
the number of grid openings with area FOVAj). Let X be the
true average structure count. To establish the DL, set up a
statistical test of the hypothesis H0: X=X0 versus the alternative
ff,: A.>\o as described in 5.2.3. XQ is the true mean count of
structures for the background distribution when an area, A, of
the filter is inspected.17 The decision value, x0, is defined as the
solution to P (X>x0\\=\0, A)-a (a is the significance level or
Type I error rate of the statistical test). The power of the
statistical test is calculated as P (X>x^\=\{, A)=l-$. p is the
Type n error rate of the test and 1-3 is the value specified as
the power of the lest. The DL is the value of X, that satisfies the
equation for the power of the test.

6.4.1.1 The equations for calculating the DL are as follows:
Solve

TABLE 1 Detection Limits for Different Background Means
Measurement Unit Equals Number of Structures

(Nominal a = 0.05; Power = 0.95)

NOTE 1—"Structures" applies both to structures and fibers depending
on the measurement protocol.

P(X>x0)\\=\0,A) =

to determine the decision value, XQ.
Then solve

(3)

\.,.A) = 1 - 3 (4)

for X,, which is the DL.
6.4.1.2 Calculate the probabilities indicated in Eq 3 and 4

using the following:

P(X>x IX, A) = 1 - 2XVV/! (5)

where the index t in the sum takes the values 0, 1,2, ..., x.
6.4.1.3 Numerical Examples of DLs for Airborne

Asbestos—Based on assumptions about the true value of the

Background
Mean (X0)

0.00-0.05
0.05-0.35
0.35-0.81
0.81-1.36
1.36-1.97
1.97-2.61

Decision
Value x0

0
1
2
3
4
5

Actual Type I
Error Rate (a)

0.000-0.048
0.002-0.049
0.006-0.049
0.010-0.049
0.013-0.050
0.016-0.050

Detection Limit
(X,)

3.00
4.74
6.30
7.75
9.15

10.51

underlying background mean, decision values and DLs have
been determined and are recorded in Tables I-4. The examples
in Tables 1 and 2 have been developed for a statistical test of
X=X0 versus X>XO with the nominal significance level of ot =
0.05 and nominal powers equal to 0.95 and 0.99, respectively.
Because of the discrete nature of structure counts and the
discrete nature of the Poisson distribution, it is not possible to
achieve the nominal value of a = 0.05 exactly. For each case in
Tables 1 and 2, x0 was chosen to correspond to the largest value
of a that is less than or equal to 0.05. The actual values of a are
shown in the tables.

6.4.1.4 Fig. 1 displays an example of the two Poisson
distributions that determine the detection limit. This example is
taken from Table I. The background mean, XQ, is 0.81, the
decision value is 2, and the detection limit is 6.30.

6.4.1.5 It is extremely important lo recognize that the
background mean, X0, and therefore, the DL depend on the area
of the filter that is inspected to produce a measurement. For
example, if X0 equals 0.60 for measurements based on inspect-
ing A mm2 of the filter, XQ, would be expected to be 1.20 for
measurements based on inspecting 2-A mm2 of the filter. The
corresponding DLs would be 6.30 and 7.75, respectively,
(Table I) or 8.41 and 10.05 respectively (Table 2).

6.4.1.6 The corresponding DLs may be stated in concentra-
tion units by multiplying the values in Tables 1 and 2 by
measurement sensitivity. One example for PCM and one
example for TEM are provided. For PCM, the results are
displayed in Tables 3 and 4 for a measurement sensitivity of
0.0005 f/cc.18 For TEM, the DLs stated in concentration units
(str/cc) are displayed in Tables 5 and 6 for sensitivity, S, equal
to 0.0064 str/cc.19

6.4.2 Background Mean Unknown—It is unlikely that the
background mean would be known with certainty. The back-
ground mean may be estimated from data collected by analyz-
ing blank filters. The estimate would have statistical error
associated with it that must be accounted for in the DL
determination. The magnitude of statistical error in the esti-
mate of the background mean varies inversely with the number

16 One may assume that the background mean. A,,, has a known value based on
a long history in the laboratory of consistent results obtained for blank filters. It is
more likely that the mean would be estimated from a recent, fixed number of blank
filter analyses. The latter case is discussed in 6.4.2.

17 \o is an increasing function of the filter area, A, that is inspected.

" A PCM measurement based on an 8-h sample at 2 L/min, a filter with effective
collection area of 385 mm2, and inspection of 100 graticule fields of size
0.00785/mm* has sensitivity equal to 0.0005 f/cc.

" A TEM measurement based on ten grid openings each 0.006-mm1 on a filter
with effective collection area equal to 385 mm2 (that is, a 25-mm diameter MCE
filter), and 1000 L of air would, by Eq 1 have 5 = 0.0064 str/cc.
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TABLE 2 Detection Limits for Different Background Means
Measurement Unit Equals Number of Structures

(Nominal a = 0.05; Power = 0.99)

NOTE 1—"Structures" applies both to structures and fibers depending

on the measurement protocol.

Background
Mean (X,,)

0.00-0.05
0.05-0.35
0.35-0.81
0.81-1.36
1.36-1.97
1.97-2.61

Decision
Value *o

0
1
2
3
4

5

Actual Type I
Error Rate (a)

0.000-0.048
0.002-0.049
0.006-0.049
0.010-0.049
0.013-0.050
0.016-0.050

Detection Limit
(>>,)

4.61
6.64
8.41

10.05
11.61
13.11

TABLE 3 Detection Limits for PCM Measurement Units—f/cc
(Sensitivity = 0.0005; Nominal a = 0.05; Power = 0.95)

Background
Mean (l/cc)

0-2.5X10-S

2.5x10-6-1.8x10-t

1.8x10-t-4.0x10-wt

4.0x1 o-4-6.exio-''
6.8xlO-*-9.9x10-'
g.gxicr'-i.sxio-3

Decision
Value (l/cc)

0
0.0005
0.0010
0.0015
0.0020
0.0025

Actual Type I
Error Rate (a)

0.000-0.048
0.002-0.049
0.006-0.049
0.010-0.049
0.013-0.050
0.016-0.050

Detection Limit
(f/cc)

1.5X10-° •
2.4X10-3

3.2x10-"
3.8X10-^
4.6X10-3

5.3X10-3

TABLE 4 Detection Limits for PCM Measurement Units—f/cc
(Sensitivity = 0.0005; Nominal a = 0.05; Power = 0.99)

Background
Mean (f/cc)

0-2.5X10-*
2.5x10-5-1.8x10-t

I.BXICTM.OxlO-*
4.0X10~'-6.8X10-*
6.8X1CT'-9.9X10-4

9.9x1 rr'-i.sxio-3

Decision
Value (f/cc)

0
0.0005
0.0010
0.0015
0.0020
0.0025

Actual Type I
Error Rate (a)

0.000-0.048
0.002-O.049
0.006-0.049
0.010-0.049
0.013-0.050
0.016-0.050

Detection Limit
(f/cc)

2.3X10-3

3.3X1CT3

4.2X10-3

5.0X1 0-3

5.8X10-3

6.6X10-3

of blank filters analyzed to form the estimate. If the number of
blank filters employed is large enough to render the statistical
error negligible, the DL would be obtained from Tables 1 and
2 by using the estimate as if it were the true value of X0.
Otherwise, the magnitude of the DL varies directly with the
statistical error in the estimate of the background mean, and
therefore, inversely with the number of blank filters used to
estimate the background mean. In 6.4.2.1, this relationship is
discussed and guidance is provided for the number of blank
filters that should be analyzed. After estimating the background
mean, a quality assurance program including standard quality
control measures should be employed to maintain the lowest
achievable level of filter contamination.20

6.4.2.1 Method—The correct value for X0, depends on the
true value X0. Analysis results for blank filters may be used to
estimate X,,, which, in rum, leads to a value for XQ. The estimate
of XQ is an interim calculation on the way to determining XQ;
therefore, the method for determining XQ presented here is

MThe blank fillers under discussion here are those used to establish the
background mean. They are not the blanks, typically one for every field batch of
fillers, that are part of the ongoing QC program. The blanks used in the QC program
are intended to flag gross contamination or identify a change in the previously
established background mean.

based directly on the blank filter analysis results and does not
require that the estimate of X0 be calculated. The method
should have a high probability of determining the correct value
of Jt0 and a low probability of indicating a wrong value of x0.
As the number of blank filters that are analyzed to determine x0

is increased, the probability of a correct determination ap-
proaches 1.0 (100%). There is, however, a cost-accuracy
tradeoff between the number of blank filters analyzed to
determine x0 and the degree of error that can be tolerated in x0.

6.4.2.2 Use 100 blank filter analyses to determine the value
of XQ.21 The 100 blank filter measurements for a particular
laboratory may be selected from recent historical blank analy-
sis results obtained in that laboratory. The rule for determining
JCQ based on n = 100 blank filter analyses is shown in Table 7.

6.4.2.3 Using a value of x0 from Table 7, refer to Tables 1
and 2 for the DL (examples are provided in Section 8).

7. Application to Dust Samples

7.1 The development of a DL for dust measurements is
similar to the development for air measurements. The DL for
dust measurements is the mean value of the alternative in the
statistical hypothesis testing formulation that was described in
Section 6 for air measurements. Differences in the sample
collection and preparation methods may affect the magnitude
of the background mean, which, in turn, affects the magnitude
of the DL. Also, the calculation of sensitivity for dust mea-
surements is different than for air measurements because of
different process steps.

7.2 Dust Measurement Characterization—Dust is collected
from a surface using either a microvac or a wipe (see Test
Methods D 5755 and D 6480). Sample preparation involves
various steps including suspension of particles in liquid and
filtration. Structures are counted by TEM.

7.2.1 Sensitivity—The initial liquid volume and the volume
deposited on the filter affect the sensitivity of the measurement.
Sensitivity is calculated as follows:

S = [EFAJ(GO-GOA)}(\00/V}/SPL (6)

where:
EFA
CO
GOA
V

effective filter area for the secondary filter (mm2);
number of grid openings counted;
average grid opening area (mm2);
volume of sample filtered representing the actual
volume taken from the original 100-mL suspension
(mL); and,

SPL = the area of the surface vacuumed or wiped.
It follows that the asbestos structure concentration in dust,

STR/cm2, is:

STRlcm2 = ttSTR-S (7)

where:
#STR = number of asbestos structures counted in the

sample.
7.3 Calculating the DL:

21 Rules for determining a value for ^ based on analyzing n = 10, 25, 50, 100,
and 200 blank filters have been developed and evaluated. The rules are discussed in
the appendix to this practice.
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TABLE 5 Detection Limits for TEM (Direct Preparation)
Measurement Units—str/cc

(Sensitivity = 0.0064; Nominal a = 0.05; Power = 0.95)

Background
Mean (str/cc)

0-3.2X10-1

3.2x10-'-2.4X10-a

2.4x10-3-5.2x10-a

5.2X-\Or3-8.7xl<r3

S^xlO^-LSxlO-2

1.3X10-^-1.7X10-*

Decision
Value (str/cc)

0
0.0064
0.0128
0.0196
0.0256
0.0320

Actual Type I
Error Rate (a)

0.000-0.048
0.002-0.049
0.006-0.049
0.010-0.049
0.013-0.050
0.016-0.050

Detection Limit
(str/cc)

1.9X10-2

3.0X10-2

4.0X10-2

4.9X10-2

5.8X10-2

6.7XKT2

TABLE 6 Detection Limits for TEM (Direct Preparation)
Measurement Units—str/cc

(Sensitivity = 0.0064; Nominal a = 0.05; Power = 0.99)

Background
Mean (str/cc)

Decision
Value (str/cc)

Actual Type I
Error Rate (a)

0-3̂ x10-"
3.2x10-'-2.4x10-3

2.4x10-3-5.2xlO-3

1.3x1(r2-1.7X1Cr2

o
0.0064
0.0128
0.0196
0.0256
0.0320

0.000-0.048
0.002-0.049
0.006-0.049
0.010-0.049
0.013-0.050
0.016-0.050

Detection Limit
(slr/cc)

3.0.X10-2

4.2.x 1CT2

5.4X10-*
6.4X1CT*
7.4X1CT2

8.4X10-2
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TABLE 7 Rule for Selecting XQ Based on Measurements from 100
Blank Filters

*b

0
1
2
3
4
5

Total Structure Count in 100
Blank Filter Measurements

0-5
6-34
35-78
79-132
133-194
195-269

TABLE 8 Detection Limits for Dust Measurements by TEM
Measurement Unit Equals STR/cm2

(Nominal a = 0.05; Power = 0.95)

Background Mean
(Vt, in STR/cm2)

0-50
50-350
350-810
810-1360
1360-1970
1970-2610

Decision Value
Xo

0
1000
2000
3000
4000
5000

Actual Type I
Error Rate (a)

0.000-0.048
0.002-0.049
0.006-0.049
0.010-0.049
0.013-0.050
0.016-0.050

Detection Limit
A/, in STR/cm2

3000
4740
6300
7750
9150
10510

7.3.1 Background Mean Known—The background sources
for dust measurements are the same general sources identified
as sources for air measurements, that is, analyst error and
laboratory error. The laboratory component for dust measure-
ments may be larger than the laboratory component for air
measurements due to additional steps in the preparation pro-
cess (refer to Test Methods D 5755 and D 6480). For purposes
of demonstrating the DL for dust measurements, assume the
same range of background means used for air measurements
applies.

7.3.1.1 Sensitivity—A typical value of sensitivity discussed
for dust sampling and analysis methods is 1000 str/cm2.22

Using values for \0 and \{ from Tables I and 2, Tables 8 and
9 display DLs in units of str/cm2 for dust measurements
associated with various background means.

7.3.2 Background Mean Unknown—Follow the procedure
described in 6.4.2 for air samples. In addition, blank filters used
for estimating the background level should go through the
entire applicable preparation process.

8. Examples

AIR MEASUREMENTS
8.1 PCM:
8.1.1 Estimate Background Mean, Decision Value, and

DL—Compile the measurement results for 100 blank MCE 25
mm diameter filters with EFA 385 mm2. The count for each
filter should reflect the number of fibers with a 3:1 aspect ratio
and length of 5 urn or longer in 100 graticule fields each with
area 0.00785 mm2. Use NIOSH 7400 counting rules. Tabulate
the total number of fibers counted across the 100 filters.

8.1.2 Example 7—Analysis of 100 blank filters yields 150
fibers. Based on Table 7, the decision value, x0, for detection is
four, and from Table 1 the detection limit is 9.15.23

8.1.2.1 Sampling and Analysis—Using a 25-mm diameter
MCE filter, collect a 960-L air sample. Prepare the filter and
count the number of fibers in 100 fields each with an area of
0.00785 mm2. Sensitivity for this measurement is 0.0005 f/cc.
The DL, stated in f/cc units, is 9.15-0.0005 = 0.0046 f/cc. If the

TABLE 9 Detection Limits for Dust Measurements by TEM
Measurement Unit Equals STR/cm2

(Nominal a = 0.05; Power = 0.99)

Background Mean
(pa in STR/cm2)

0-50
50-350
350-810
810-1360
1360-1970
1970-2610

Decision Value
Xo

0
1000
2000
3000
4000
5000

Actual Type I
Error Rate (a)

0.000-0.048
0.002-0.049
0.006-0.049
0.010-0.049
0.013-0.050
0.016-0.050

Detection Limit
//, in STR/cm2

4610
6640
8410
10050
11610
13110

number of fibers counted in the sample is larger than 4,
multiply the count by 0.0005 and report the result as f/cc. If the
number of fibers counted in the sample is less than or equal to
four, report the measurement as "below the detection limit of
0.0046 f/cc (<0.0046 f/cc)."

8.1.2.2 Assume five fibers are counted. The airborne fiber
concentration estimate is reported as 0.0025 f/cc. This value is
an estimate of the mean concentration for the environment that
is sampled. The statistical uncertainty associated with this
estimate of the mean can be assessed by calculating the 95 %
upper confidence limit (95 % UCL) for this result. The 95 %
UCL corresponding to a count of 5 is 10.51, and the 95 % UCL
for the concentration is 0.0053 f/cc (see Table 10). If the
number of fibers counted in the sample were less than or equal
to the decision value of 4, the measurement would be reported
as "below detection." For example, if three fibers are counted,
the result would be reported as "below the detection limit of
0.0046 f/cc" or "<0.0046 f/cc." If the estimated f/cc value for
this sample were calculated, it would be 3-0.0005=0.0015 f/cc
with a 95 % UCL of 0.0038 f/cc; however, the 0.0015 f/cc
estimate will not be reported. Record the result only as "below
the detection limit of 0.0046 f/cc" because the count does not
exceed the decision value.

22 See Test Method D 5755. If 100 cm2 were vacuumed, EFA = 1320; GOA =
0.01; and 4 mL out of 100 mL were deposited on the filter, then inspecting 30 GOs
would yield a sensitivity of approximately 1000 STR/cm2.

23 Recall that the DL is the population mean of a fiber count distribution, and,
therefore, is unlikely to be an integer value. The DL of 9.15, which is found in Table
I, corresponds to a 0.95 probability that a measurement larger than the decision
value of four fibers does not belong to the background distribution. If a probability
of 0.99 would be a more acceptable representation of measurement uncertainty
relative to the background distribution, the DL would be 11.61 (Table 2).
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TABLE 10 Upper Confidence Limits for the Poisson Distribution"

Count

0
1
2
3
4
5
6
7

8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

95 % UCL

2.996
4.744
6.296
7.754
9.154

10.513
11.842
13.148
14.435
15.705
16.962
18208
19.443
20.669
21.886
23.097
24.301
25.499
26.692
27.879
29.062
30.240
31.415
32.585
33.752
34.916
36.077
37.234
38.389
39.541
40.691

99 % UCL

4.605
6.638
8.406

10.045
11.605
13.108
14.571
16.000
17.403
18.783
20.145
21.490
22.821
24.139
25.446
26.743
28.030
29.310
30.581
31.845
33.103
34.355
35.601
36.841
38.077
39.308
40.534
41.757
42.975
44.190
45.401

TABLE 11 Example Demonstrating Application and Interpretation
of Detection Limits

•"Calculations based on formulas In Biometrika Tables for Statisticians. Vol 1,
Cambridge University Press 1954.

8.1.2.3 A full accounting of the uncertainty in the two
measurement results described above is displayed in Table
II2 4 .

8.1.3 Example 2—Analysis of 100 blank filters yields 50
fibers. Based on Table 7, the decision value for detection is two
and the detection limit is 6.30 fibers (Table I).25

8.1.3.1 Sampling and Analysis—Using a 25-mm diameter
MCE filters, collect a 960-L air sample. Prepare the filler and
count the number of fibers in 100 fields, each with area 0.00785
mm2. Sensitivity for this measurement is 0.0005 f/cc. The DL,
stated in f/cc units is 6.30-0.0005 = 0.0032 f/cc. If the number
of fibers counted in the sample is larger than two, multiply the
count by 0.0005 and report the result as f/cc. If the number of
fibers counted in the sample is less than or equal to two, report
the measurement as "below the detection limit of 0.0032 f/cc
(<0.0032 f/cc)."

" The "reported" concentration estimates in Column 5 of Tahle 11 might be
viewed as nonintuitive or inconsistent because a fiber count of 5 leads to a
concentration estimate (0.0025) that is smaller than the estimate for a fiber count of
3 (<0.0046). These "reported results," nevertheless, are correct. The ordering of the
concentrations for "calculated results" shows what would be expected; however, the
sample wiih the fiber count of 3 does not satisfy the test for detection. Therefore, the
result for that sample is an upper bound, namely the DL of 0.0046 f/cc. The
concentration for that sample can be reported, at best, as a range of uncertainty
between 0 f/cc and 0.0046 f/cc. The sample with the count equal to 5 satisfies the
test for detection. It has a point estimate concentration of 0.0025 f/cc and a range of
uncertainty that includes, as an upper bound, 0.0053 f/cc with 95 % confidence.

" The DL of 6.30, which is found in Table 1, corresponds to a 0.95 probability
that a measurement larger than the decision value of 4 fibers does not belong to the
background distribution. If a probability of 0.99 would be a more acceptable
representation of measurement uncertainty relative to the background distribution,
the DL would be 8.45 (Table 2).

Sample ID

1
2

Fiber
Count

5
3

Calculated Results
Concentration 95 % UCL
Estimate (f/cc) (f/cc)

0.0025
0.0015

0.0053
0.0039

Reported Results
Concentration 95 % UCL
Estimate (f/cc) (f/cc)

0.0025
<0.0046

0.0053
NA

8.2 TEM:
8.2.1 Estimate Background Mean, Decision Value, and

DL—Compile the measurement results for 100 blank MCE 25
mm diameter filters with ERA 385 mm2. (The count for each
filter should reflect the number of asbestos structures with a 5:1
aspect ratio and length of 0.5 um or longer in 10 grid openings
each with area 0.01 mm2. Use EPA AHERA counting rules.
Tabulate the total number of asbestos structures counted across
the 100 filters.

8.2.2 Example 1—Analysis of 100 blank filters yields seven
structures. Based on Table 7, the decision value for detection is
one and the detection limit 4.74 structures (Table 1).

8.2.2.1 Sampling and Analysis—Using a 25 mm diameter
MCE filters, collect a 2400-L air sample. Prepare the filter and
count the number of asbestos structures in 10 grid openings,
each with area 0.01 mm2. Sensitivity for this measurement is
0.0016 str/cc. The DL stated in str/cc is 4.74 X 0.0016 =
0.0076 str/cc. If the number of structures counted in the sample
is larger than one, multiply the count by 0.0016 and report the
result as str/cc. If the number of structures counted in the
sample is either zero or one, report the measurement as "below
the detection limit of 0.0076 str/cc (<0.0076 str/cc)."

8.2.3 Example 2—Analysis of 100 blank filters yields five
structures. Based on Tables 5 and 6, the decision value for
detection is zero and the detection limit 3.00 structures (Table
1).

8.2.3.1 Sampling and Analysis—Using a 25-mm diameter
MCE filter, collect a 2400 liter air sample. Prepare the filter and
count the number of asbestos structures in ten grid openings,
each with area 0.01 mm2. Sensitivity for this measurement is
0.0016 str/cc. The DL, stated in str/cc units is 3.00 X 0.0016 =
0.0048 str/cc. If the number of structures counted in the sample
is larger than 0, multiply the count by 0.0016 and report the
result as str/cc. If the structure count in the sample is 0, report
the measurement as "below the detection limit of 0.0016 str/cc
(<0.0016 str/cc)."

8.3 Dust Measurements:
8.3.1 Estimate Background Mean, Decision Value, and

DL—Following the procedure described in Test Method
D 5755, prepare 100 blank polycarbonate (PC) 47 mm diam-
eter filters for evaluation with a TEM. Count the number of
asbestos structures (5:1 aspect ratio; length of 0.5 um or
longer) in 30 grid openings each with area 0.01 mm2. Use Test
Method D 5755 counting rules.

8.3.2 Example 1—Analysis of 100 blank filters yields seven
structures. Based on Table 7, the decision value for detection is
one and the detection limit 4.74 structures (Table 1).

8.3.2.1 Sampling and Analysis—Vacuum dust in a 100-cm2

area. Prepare the sample, which is redeposited on 47 mm
diameter polycarbonate filter. Count the number of asbestos
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structures in 30 grid openings of area 0.01 mm2. Sensitivity for
this measurement is approximately 1000 str/cm2. The DL,
stated in str/cm2 units, is 4.74 X 1000 = 4740 str/cm2. If the
number of structures counted in the sample is larger than 1,
multiply the count by 1000 and report the result as str/cm2. If
the number of structures counted in the sample is either zero or
one, report the measurement as "below the detection limit of
4740 str/cm2 (<4740 str/cm2)."

8.3.3 Example 2—Analysis of 100 blank filters yields five
structures. Based on Table 7, the decision value for detection is
zero and the detection limit 3.00 structures (Table 1).

8.3.3.1 Sampling and Analysis—Vacuum dust in a 100-cm2

area. Prepare the sample, which is redeposited on 47-mm

diameter polycarbonate filter. Count the number of asbestos
structures in 30 grid openings of area 0.01 mm2. Sensitivity for
this measurement is approximately 1000 str/cm2. The DL,
stated in str/cm2 units, is 3.00 X 1000 = 3000 str/cm2. If the
number of structures counted in the sample is larger than 0,
multiply the count by 1000 and report the result as str/cm2. If
the number of structures counted in the sample is zero, report
the measurement as "below the detection limit of 3000 str/cm2

(<3000 str/cm2)."

9. Keywords

9.1 asbestos; detection limit; fiber count

APPENDIX

(Nonmandatory Information)

XI. ESTIMATING THE BACKGROUND MEAN, A,, AND THE DECISION VALUE, x<,

X1.1 If the value of the background mean, XQ, is known, the
decision value, x0, is uniquely determined (refer to 6.4);
however, it is unlikely that the background mean would be
known with certainty. Analysis results for blank filters may be
used to estimate X,,, which, in turn, leads to a value for x0. The
estimate of \Q is an interim calculation that is not needed to
determine x0; therefore, the method for determining x0 pre-
sented here is based directly on the blank filter analysis results
and does not require calculation of the interim estimate of \0.

XI.2 The method for determining XQ should have a high
probability of indicating the correct value of x0 and a low
probability of indicating a wrong value of x0. As the number of
blank filters that are analyzed to determine x0 is increased, the
probability of a correct determination approaches 1.0 (100 %).
There is, however, a cost-accuracy tradeoff between the num-
ber of blank filters analyzed to determine XQ and the degree of
error that can be tolerated in the estimate of x0.

XI .3 The rules for determining x0 based on n = 10, 25, 50,
100, and 200 blank filters have been evaluated. With the
exception of n = 100 and 200, the probabilities of incorrectly
determining the value of XQ are unacceptably large. The rules
for determining the value of XQ are displayed in Table XI. 1 for
n = 100 and n = 200.

XI.4 The probabilities of correctly and incorrectly deter-
mining x0 are displayed in Table XI.2. To interpret these
entries, consider as an example the case where the correct
value of XQ is two and apply the rule based on data for n = 100
blank filters. The ideal rule for determining x0 would have high
probabilities for correctly determining JTO and low probabilities
for incorrect determinations of x0. Due to the discrete nature of
the Poisson distribution, any improvement of the probability in

one cell in Table XI .2 degrades the probability in another cell.
When true value of ;t0 is 2, the probability that x0 would be
incorrectly determined as 1 is 0.05 (5 %); the probability that
x0 would be incorrectly determined as three is 0.11 (11 %).The
probability that x0 is determined correctly as two is 0.85
(85 %). These probabilities do not add to 1.00 exactly due to
rounding errors.

XI .5 On balance, the rules for n = 100 and n = 200 are both
reasonable and not substantially different. This follows because
the two types of errors in determining x0, selecting a value too
small or selecting a value too large, are not equally important.
The DL concept is intended to provide protection against false
positive errors. Choosing a value for x0 that is larger than the
correct value will provide additional protection against false
positives, and, therefore, is the less significant of the two
errors. Upon reinspection of the entries in Table X1.2, note that
the probabilities of selecting a value for x0 that is too small is
no greater than 0.05 (5 %) both for the rule based on n = 100
and for the rule based on n = 200. From this assessment, the
rule based on n = 100 is adequate.

TABLE XI .1 Rule for Selecting Xo Based on Blank Filter
Measurements

*>
0
1
2
3
4
5

Total Structure Count
in 100 Blank Filter

Measurements

0-5
6-34
35-78
79-132
133-194
195-269

Total Structure Count
In 200 Blank Filter

Measurements

0-12
13-71

72-161
162-270
271-394
395-529

10
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TABLE X1.2 Probabilities of Determining Values for jr<,

Correct Value of
*o

0

1

2

3

4

5

Rule

n- 100
n = 200
n= 100
n=200
n= 100
n=200
n= 100
n = 200
n= 100
n = 200
n= 100
n = 200

Data for Blanks
Indicates XQ= 0

0.88
0.95
0.04
0.04

Data for Blanks
Indicates xb= 1

0.12
0.05
0.87
0.91
0.05
0.04

Data for Blanks
Indicates XQ= 2

0.09
0.05
0.85
0.90
0.04
0.04

Data for Blanks
Indicates *b= 3

0.11
0.06
0.84
0.89
0.05
0.05

Data for Blanks
Indicates *o= 4

0.12
0.07
0.84
0.89
0.07
0.06

Data for Blanks
Indicates A^= 5

0.11
0.06
0.88
0.89

Data for Blanks
Indicates Xg= 6

0.05
0.05
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Foreword

ISO (the International Organization for Standardization) is a worldwide
federation of national standards bodies (ISO member bodies). The work
of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for
which a technical committee has been established has the right to be
represented on that committee. International organizations, governmental
and non-governmental, in liaison with ISO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting
a vote.

International Standard ISO 10312 was prepared by Technical Committee
ISO/TC 146, Air quality, Subcommittee SC 3, Ambient atmospheres.

Annexes A, B, C, D, E and F form an integral part of this International
Standard. Annexes G. H and J are for information only.



ISO 10312:1995(E) o ISO

Introduction

This International Standard is applicable to the determination of airborne
asbestos in a wide range of ambient air situations, including the interior
atmospheres of buildings, and for detailed evaluation of any atmosphere
in which asbestos structures are likely to be present. Because the best
available medical evidence indicates that the numerical fibre concentration
and the fibre sizes are the relevant parameters for evaluation of the
inhalation hazards, a fibre counting technique is the only logical approach.
Most fibres in ambient atmospheres are not asbestos, and therefore there
is a requirement for fibres to be identified. Many airborne asbestos fibres
in ambient atmospheres have diameters below the resolution limit of the
optical microscope. This International Standard is based on transmission
electron microscopy, which has adequate resolution to allow detection of
small fibres and is currently the only technique capable of unequivocal
identification of the majority of individual fibres of asbestos. Asbestos is
often found, not as single fibres, but as very complex, aggregated struc-
tures which may or may not be also aggregated with other particles. The
fibres found suspended in an ambient atmosphere can often be identified
unequivocally, if a sufficient measurement effort is expended. However,
if each fibre were to be identified in this way, the analysis would become
prohibitively expensive. Because of instrumental deficiencies or because
of the nature of the paniculate, some fibres cannot be positively identified
as asbestos, even though the measurements all indicate that they could
be asbestos. Subjective factors therefore contribute to this measurement,
and consequently a very precise definition of the procedure for identifica-
tion and enumeration of asbestos fibres is required. The method specified
in this International Standard is designed to provide the best description
possible of the nature, numerical concentration, and sizes of asbestos-
containing particles found in an air sample. This International Standard is
necessarily complex, because the instrumental techniques used are com-
plex, and also because a very detailed and logical procedure must be
specified to reduce the subjective aspects of the measurement. The
method of data recording specified in this International Standard is de-
signed to allow re-evaluation of the structure counting data as new med-
ical evidence becomes available. All of the feasible specimen preparation
techniques result in some modification of the airborne particulate. Even
the collection of particles from a three-dimensional airborne dispersion
onto a two-dimensional filter surface can be considered a modification of
the particulate, and some of the particles in most samples are modified
by the specimen preparation procedures. However, the procedures spec-
ified in this International Standard are designed to minimize the disturb-
ance of the collected particulate material, and the effect of those
disturbances which do occur can be evaluated.

This International Standard describes the method of analysis for a single
air filter. However, one of the largest potential errors in characterizing
asbestos in ambient atmospheres is associated with the variability be-
tween filter samples. For this reason, it is necessary to design a replicate
sampling scheme in order to determine this International Standard's ac-
curacy and precision.

IV
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Ambient air — Determination of asbestos fibres
Direct-transfer transmission electron microscopy
method

1 Scope 1.4 Limit of detection

1.1 Substance determined

This International Standard specifies a reference
method using transmission electron microscopy for
the determination of the concentration of asbestos
structures in ambient atmospheres and includes
measurement of the lengths, widths and aspect ratios
of the asbestos structures. The method allows deter-
mination of the type(s) of asbestos fibres present. The
method cannot discriminate between individual fibres
of the asbestos and non-asbestos analogues of the
same amphibole mineral.

1.2 Type of sample

The method is defined for polycarbonate capillary-pore
filters or cellulose ester (either mixed esters of cellu-
lose or cellulose nitrate) filters through which a known
volume of air has been drawn. The method is suitable
for determination of asbestos in both exterior and
building atmospheres.

1.3 Measuring range

The range of concentration which can be determined
is 50 structures/mm2 to 7 000 structures/mm2 on the
filter. The air concentrations represented by these
values are a function of the volume of air sampled.
There is no lower limit to the dimensions of asbestos
fibres which can be detected. In practice,
microscopists vary in their ability to detect very small
asbestos fibres. Therefore, a minimum length of
0,5 nm has been defined as the shortest fibre to be
incorporated in the reported results.

The limit of detection theoretically can be lowered in-
definitely by filtration of progressively larger volumes
of air and by extending the examination of the speci-
mens in the electron microscope. In practice, the
lowest achievable limit of detection for a particular
area of TEM specimen examined is controlled by the
total suspended particulate concentration.

For total suspended particulate concentrations of ap-
proximately 10 (ig/m , corresponding to clean, rural
atmospheres, and assuming filtration of 4 000 litres
of air, an analytical sensitivity of 0,5 structure/I can be
obtained, equivalent to a limit of detection of 1,8
structure/I, if an area of 0,195 mm2 of the TEM
specimens is examined. If higher total suspended
particulate concentrations are present, the volume of
air filtered must be reduced in order to maintain an
acceptable particulate loading on the filter, leading to
a proportionate increase in the analytical sensitivity.

Where this is the case, lower limits of detection can
be achieved by increasing the area of the TEM sped-
mens that is examined. In order to achieve tower
limits of detection for fibres and bundles longer -than
5 nm, and for PCM equivalent fibres, lower magni-
fications are specified which permit more rapid ex-
amination of larger areas of the TEM specimens when
the examination is limited to these dimensions of fi-
bre. The direct analytical method cannot be used if the
general particulate loading of the sample collection
filter exceeds approximately 10 ng/cm2 of filter sur-
face, which corresponds to approximately 10 % cov-
erage of the collection filter by particulate. If the total
suspended particulate is largely organic material, the
limit of detection can be lowered significantly by using
an indirect preparation method.
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2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publica-
tion, the editions indicated were valid. All standards
are subject to revision, and parties to agreements
based on this International Standard are encouraged
to investigate the possibility of applying the most re-
cent editions of the standards indicated below.
Members of IEC and ISO maintain registers of cur-
rently valid International Standards.

ISO 4225:1994, Air quality — General aspects — Vo-
cabulary.

1504226:1993, Air quality — General aspects —
Units of measurement.

ISO Standard Handbook No. 2:1993, Quantities and
units.

ISO Standard Handbook No. 3:1989, Statistical Meth-
ods.

3 Definitions

For the purposes of this International Standard, the
following definitions apply (see also ISO 4225).

3.1 acicular: The shape of an extremely slender
crystal with cross-sectional dimensions which are
small relative to its length, i.e. needle-like.

3.2 amphibole: A group of rock-forming
ferromagnesium silicate minerals, closely related in
crystal form and composition, with the nominal for-
mula:

AO or ^jC

where

A = K, Na

2"1"

crystal faces and intersecting at angles of about 56°
and 124°.

B = Fe"1". Mn, Mg, Ca, Na

C = Al, Cr, Ti, Fe3+, Mg, Fe

T = Si, Al, Cr. Fe3+, Ti

In some varieties of amphibole, these elements can
be partially substituted by Li, Pb or In. Amphibole is
characterized by a cross-linked double chain of Si-O
tetrahedra with a silicon:oxygen ratio of 4:11, by co-
lumnar or fibrous prismatic crystals and by good
prismatic cleavage in two directions parallel to the

3.3 amphibole asbestos:
asbestiform habit.

Amphibole in an

3.4 analytical sensitivity: The calculated airborne
asbestos structure concentration in asbestos
structures/litre, equivalent to counting of one
asbestos structure in the analysis. The method in this
International Standard does not specify an analytical
sensitivity.

3.5 asbestiform: A specific type of mineral fibrosity
in which the fibres and fibrils possess high tensile
strength and flexibility.

3.6 asbestos: A term applied to a group of silicate
minerals belonging to the serpentine and amphibole
groups which have crystallized in the asbestiform
habit, causing them to be easily separated into long,
thin, strong fibres when crushed or processed. The
Chemical Abstracts Service Registry Numbers of the
most common asbestos varieties are: chrysotile
(12001-29-5), crocidolite (12001-28-4), grunerite
asbestos (amosite) (12172-73-5), anthophyllite
asbestos (77536-67-5), tremolite asbestos
(77536-68-6) and actinolite asbestos (77536-66-4).

3.7 asbestos structure: A term applied to any con-
nected or overlapping grouping of asbestos fibres or
bundles, with or without other particles.

3.8 aspect ratio: The ratio of length to width of a
particle.

3.9 blank: A structure count made on TEM speci-
mens prepared from an unused filter, to determine
the background measurement.

3.10 camera length: The equivalent projection
length between the specimen and its electron dif-
fraction pattern, in the absence of lens action.

3.11 chrysotile: A fibrous mineral of the serpentine
group which has the nominal composition

Most natural chrysotile deviates little from this nomi-
nal composition. In some varieties of chrysotile, minor
substitution of silicon by Al3"1" may occur. Minor sub-
stitution of magnesium by Al3"1", Fe24", Fe3"1", Ni2*,
Mn2"1" and Co2"1" may also be present. Chrysotile is the
most prevalent type of asbestos.

3.12 cleavage: The breaking of a mineral along one
of its crystallographic directions.
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3.13 cleavage fragment: A fragment of a crystal
that is bounded by cleavage faces.

3.14 cluster: A structure in which two or more fi-
bres, or fibre bundles, are randomly oriented in a
connected grouping.

3.15 d-spacing: The distance between identical ad-
jacent and parallel planes of atoms in a crystal.

3.16 electron diffraction: A technique in electron
microscopy by which the crystal structure of a speci-
men is examined.

3.17 electron scattering power: The extent to
which a thin layer of substance scatters electrons
from their original directions.

3.18 energy dispersive X-ray analysis: Measure-
ment of the energies and intensities of X-rays by use
of a solid state detector and multichannel analyser
system.

3.19 eucentric: The condition when the area of in-
terest of an object is placed on a tilting axis at the
intersection of the electron beam with that axis and
is in the plane of focus.

3.20 field blank: A filter cassette which has been
taken to the sampling site, opened, and then closed.
Such a .filter is used to determine the background
structure count for the measurement.

3.21 fibril: A single fibre of asbestos, which cannot
be further separated longitudinally into smaller com-
ponents without losing its fibrous properties or ap-
pearances.

3.22 fibre: An elongated particle which has parallel
or stepped sides. For the purposes of this Interna-
tional Standard, a fibre is defined to have an aspect
ratio equal to or greater than 5:1 and a minimum
length of 0,5 urn.

3.23 fibre bundle: A structure composed of parallel,
smaller diameter fibres attached along their lengths.
A fibre bundle may exhibit diverging fibres at one or
both ends.

3.24 fibrous structure: A fibre, or connected
grouping of fibres, with or without other particles.

3.25 habit: The characteristic crystal growth form,
(or combination of these forms), of a mineral, includ-
ing characteristic irregularities.

3.26 limit of detection: The calculated airborne
asbestos structure concentration in structures per li-

tre, equivalent to counting 2,99 asbestos structures in
the analysis.

3.27 matrix: A structure in which one or more fi-
bres, or fibre bundles, touch, are attached to, or par-
tially concealed by, a single particle or connected
group of nonfibrous particles.

3.28 Miller index: A set of either three or four inte-
ger numbers used to specify the orientation of a
crystallographic plane in relation to the crystal axes.

3.29 PCM equivalent fibre: A fibre of aspect ratio
greater than or equal to 3:1, longer than 5 tim, and
which has a diameter between 0.2 urn and 3,0 \im.

3.30 PCM equivalent structure: A fibrous structure
of aspect ratio greater than or equal to 3:1, longer
than 5 urn, and which has a diameter between
0,2 jim and 3,0 \irr\.

3.31 primary structure: A fibrous structure that is
a separate entity in the TEM image.

3.32 replication: A procedure in electron
microscopy specimen preparation in which a thin
copy, or replica, of a surface is made.

3.33 selected area electron diffraction: A tech-
nique in electron microscopy in which the crystal
structure of a small area of a sample is examined.

3.34 serpentine: A group.of common rock-forrning
minerals having the nominal formula

Mg3Si205{OH)4

3.35 structure: A single fibre, fibre bundle, cluster
or matrix.

3.36 twinning: The occurrence of crystals of the
same species joined together at a particular mutual
orientation, such that the relative orientations are re-
lated by a definite law.

3.37 unopened fibre: An asbestos fibre bundle of
large diameter which has not been separated into its
constituent fibrils or fibres.

3.38 zone-axis: The line or crystallographic direction
through the centre of a crystal which is parallel to the
intersection edges of the crystal faces defining the
crystal zone.

4 Principle

A sample of airborne paniculate is collected by draw-
ing a measured volume of air through either a



ISO 10312:1995(E) olSO

capillary-pore polycarbonate membrane filter of maxi-
mum pore size 0,4 jim or a cellulose ester (either
mixed esters of cellulose or cellulose nitrate) mem-
brane filter of maximum pore size 0,45 \im by means
of a battery-powered or mains-powered pump. TEM
specimens are prepared from polycarbonate filters by
applying a thin film of carbon to the filter surface by
vacuum evaporation. Small areas are cut from the
carbon-coated filter, supported on TEM specimen
grids, and the filter medium is dissolved away by a
solvent extraction procedure. This procedure leaves a
thin film of carbon which bridges the openings in the
TEM specimen grid, and which supports each particle
from the original filter in its original position. Cellulose
ester filters are chemically treated to collapse the pore
structure of the filter, and the surface of the collapsed
filter is then etched in an oxygen plasma to ensure
that all particles are exposed. A thin film of carbon is
evaporated onto the filter surface and small areas are
cut from the filter. These sections are supported on
TEM specimen grids and the filter medium is dis-
solved away by a solvent extraction procedure.

The TEM specimen grids from either preparation
method are examined at both low and high magni-
fications to check that they are suitable for analysis
before carrying out a quantitative structure count on
randomly-selected grid openings. In the TEM analysis,
electron diffraction (ED) is used to examine the crystal
structure of a fibre, and its elemental composition is
determined by energy dispersive X-ray analysis
(EDXA). For a number of reasons, it is not possible to
identify each fibre unequivocally, and fibres are clas-
sified according to the techniques which have been
used to identify them. A simple code is used to re-
cord, for each fibre, the manner in which it was clas-
sified. The fibre classification procedure is based on
successive inspection of the morphology, the electron
diffraction pattern for a selected area, and the qual-
itative and quantitative energy dispersive X-ray ana-
lyses. Confirmation of the identification of chrysotile
is done only by quantitative ED, and confirmation of
amphibole is done only by quantitative EDXA and
quantitative zone axis ED.

In addition to isolated fibres, ambient air samples of-
ten contain more complex aggregates of fibres, with
or without other particles. Some particles are com-
posites of asbestos fibres with other materials. Indi-
vidual fibres and structures that are more complex are
referred to as "asbestos structures". A coding system
is used to record the type of fibrous structure, and to
provide the optimum description of each of these
complex structures. The two codes remove the re-
quirement to interpret the structure counting data
from the microscopist, and allow this evaluation to be
made later without the requirement for re-

examination of the TEM specimens. Several levels of
analysis are specified, the higher levels providing a
more rigorous approach to the identification of fibres.
The procedure permits a minimum required fibre
identification criterion to be defined on the basis of
previous knowledge, or lack of it, about the particular
sample. Attempts are then made to achieve this min-
imum criterion for each fibre, and the degree of suc-
cess is recorded for each fibre. The lengths and
widths of all classified structures and fibres are re-
corded. The number of asbestos structures found on
a known area of the microscope sample, together
with the equivalent volume of air filtered through this
area, is used to calculate the airborne concentration
in asbestos structures/litre of air.

5 Symbols of units and abbreviations

5.1 Symbols of units (see also ISO 4226 and
ISO No. 2)

eV = electron volt

kV = kilovolt

l/min = litres per minute

ng = microgram (10-6 gram)

urn = micrometre (10-6 metre)

nm = nanometre (10~9 metre)

W = watt

5.2 Abbreviations

DMF Dimethylformamide

DE Electron diffraction

EDXA Energy dispersive X-ray analysis

FWHM Full width, half maximum

HEPA High efficiency particle absolute

MEC Mixed esters of cellulose

PC Polycarbonate

PCM Phase contrast optical microscopy

SAED Selected area electron diffraction

SEM Scanning electron microscope

STEM Scanning transmission electron microscope

TEM Transmission electron microscope
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UICC Union Internationale Contre le Cancer

6 Reagents

During the analysis, unless otherwise stated, use only
reagents of recognized analytical grade and water
(6.1).

WARNING — Use the reagents in accordance with
the appropriate health and safety regulations.

6.1 water, fibre-free.

A supply of freshly distilled, fibre-free water, or an-
other source of fibre-free, pyrogen-free water shall be
used.

6.2 Chloroform, analytical grade, distilled in glass,
preserved with 1 % (V/V) ethanol.

6.3 1-Methyl-2-pyrrolidone.

6.4 Dimethytformamide.

6.5 Glacial acetic acid.

6.6 Acetone.

7 Apparatus

7.1 Air sampling — Equipment and
consumable supplies

7.1.1 Fitter cassette

Field monitors, comprising 25 mm to 50 mm diam-
eter three-piece cassettes, with cowls which project
less than 2 cm in front of the filter surface shall be
used for sample collection. The cassette shall be
loaded with either a capillary pore polycarbonate filter
of maximum pore size 0,4 \im or an MEC or cellulose
nitrate filter of maximum pore size 0,45 \im. Either
type of filter shall be backed by a 5 urn pore size MEC
or cellulose nitrate filter, and supported by a cellulose
back-up pad. When the filters are in position, an elas-
tic cellulose band or adhesive tape shall be applied to
prevent air leakage. Suitable precautions shall be
taken to ensure that the filters are tightly clamped in
the assembly, so that significant air leakage around
the filter cannot occur.

Representative filters from the filter lot shall be ana-
lysed as specified in 9.7 for the presence of asbestos
structures before any are used for air sample col-
lection.

7.1.2 Sampling pump

The sampling pump shall be capable of a flow-rate
sufficient to achieve the desired analytical sensitivity.
The face velocity through the filter shall be between
4,0 cm/s and 25,0 cm/s. The sampling pump used
shall provide a non-fluctuating airflow through the fil-
ter, and shall maintain the initial volume flow-rate to
within ± 10 % throughout the sampling period. A
constant flow or critical orifice controlled pump meets
these requirements. Flexible tubing shall be used to
connect the filter cassette to the sampling pump. A
means for calibration of the flow-rate of each purnp is
also required.

7.1.3 Stand

A stand shall be used to hold the filter cassette at the
desired height for sampling, and shall be isolated from
the vibrations of the pump (7.1.2).

7.1.4 Variable area flowmeter

A calibrated variable are a flowmeter with a range of
approximately 1 l/min to 10 l/min is required for cali-
bration of the air sampling system.

The variable area flowmeter shall be cleaned before
use to avoid transfer of asbestos contamination from
the flowmeter to the sample being collected.

7.2 Specimen preparation laboratory

Asbestos, particularly chrysotile, is present in varying
quantities in many laboratory reagents. Many building
materials also contain significant amounts of asbestos
or other mineral fibres which may interfere with the
analysis if they are inadvertently introduced' during
preparation of specimens. It is most important to en-
sure that, during preparation, contamination of TEM
specimens by any extraneous asbestos fibres is min-
imized. All specimen preparation steps shall therefore
be performed in an environment where contamination
of the sample is minimized. The primary requirement
of the sample preparation laboratory is that a blank
determination shall yield a result which will meet the
requirements specified in 9.7. A minimum facility
considered suitable for preparation of TEM specimens
is a laminar flow hood with positive pressure. How-
ever, it has been established that work practices in
specimen preparation appear to be more important
than the tape of clean handling facilities in use. Prep-
aration of samples shall be carried out only after ac-
ceptable blank values have been demonstrated.

NOTE 1 It is recommended that activities involving ma-
nipulation of bulk asbestos samples not be performed in the
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same area as TEM specimen preparation, because of the
possibilities of contaminating the TEM specimens.

7.3 Equipment for analysis

7.3.1 Transmission electron microscope

A TEM operating at an accelerating potential of
80 kV to 120 kV, with a resolution better than
1,0 nm, and a magnification range of approximately
x 300 to x 100 000 shall be used. The ability to obtain
a direct screen magnification of about x 100 000 is

necessary for inspection of fibre morphology; this
magnification may be obtained by supplementary op-
tical enlargement of the screen image by use of a
binocular if it cannot be obtained directly. It is also
required that the viewing screen of the microscope
be calibrated such that the lengths and widths of fibre
images down to 1 mm width can be measured in in-
crements of 1 mm, regardless of image orientation.
This requirement is often fulfilled through the use of
a fluorescent screen with calibrated gradations in the
form of circles, as shown in figure 1.

Figure 1 — Example of calibration markings on TEM viewing screen



olSO ISO 10312:1995{E)

For Bragg angles less than 0,01 rad, the TEM shall be
capable of performing ED from an area of 0,6 urn2 or
less, selected from an in-focus image at a screen
magnification of x 20 000. This performance require-
ment defines the minimum separation between parti-
cles at which independent ED patterns can be
obtained from each particle. If SAED is used, the
performance of a particular instrument may normally
be calculated using the following equation

A = 0,785 4 x / -^- + 2 OOOCS03J

where

A

D

is the effective SAED area, in square
micrometres;

is the diameter, in micrometres, of the
SAED aperture;

M is the magnification of the objective lens;

Cs is the spherical aberration coefficient, in
millimetres, of the objective lens:

0 is the maximum required Bragg angle, in
radians.

It is not possible to reduce the effective SAED area
indefinitely by the use of progressively smaller SAED
apertures, because there is a fundamental limitation
imposed by the spherical aberration coefficient of the
objective lens.

If zone-axis ED analyses are to be performed, the
TEM shall incorporate a goniometer stage which per-
mits the TEM specimen to be either

a) rotated through 360°, combined with tilting
through at least + 30" to - 30° about an axis in
the plane of the specimen;

b) tilted through at least + 30° to - 30° about two
perpendicular axes in the plane of the specimen.

The analysis is greatly facilitated if the goniometer
permits eucentric tilting, although this is not essential.
If EDXA and zone-axis ED are required on the same
fibre, the goniometer shall be of a type which permits
tilting of the specimen and acquisition of EDXA spec-
tra without changing the specimen holder.

The TEM shall have an illumination and condenser
lens system capable of forming an electron probe of
diameter less than 250 nm.

NOTE 2 Use of an anti-contamination trap around the
specimen is recommended if the required instrumental
performance is to be obtained.

7.3.2 Energy dispersive X-ray analyser

The TEM shall be equipped with an energy dispersive
X-ray analyser capable of achieving a resolution better
than 180 eV (FWHM) on the MnKa. Since the per-
formance of individual combinations of TEM and
EDXA equipment is dependent on a number of ge-
ometrical factors, the required performance of the
combination of the TEM and X-ray analyser is speci-
fied in terms of the measured X-ray intensity obtained
from a fibre of small diameter, using a known electron
beam diameter. Solid state X-ray detectors are least
sensitive in the low energy region, and so measure-
ment of sodium in crocidolite shall be the perform-
ance criterion. The combination of electron
microscope and X-ray analyser shall yield, under rou-
tine analytical conditions, a background-subtracted
NaKa integrated peak count rate of more than 1 count
per second (cps) from a fibre of UICC crocidolite.
50 nm in diameter or smaller, when irradiated by an
electron probe of 250 nm diameter or smaller at an
accelerating potential of 80 kV. The peak/background
ratio for this performance test shall exceed 1,0.

The EDXA unit shall provide the means for subtraction
of the background, identification of elemental peaks,
and calculation of background-subtracted peak areas.

7.3.3 Computer

Many repetitive numerical calculations are necessary,
and these may be performed conveniently by rela-
tively simple computer programmes. For analyses of
zone-axis ED pattern measurements, a computer with
adequate memory is required to accommodate the
more complex programmes involved.

7.3.4 Plasma asher

For preparation of TEM specimens from MEC filters,
a plasma asher, with a radio frequency power rating
of 50 W or higher, shall be used to etch the surface
of collapsed MEC filters. The asher shall be supplied
with a controlled oxygen flow, and shall be modified,
if necessary, to provide a valve to control the speed
of air admission so that rapid air admission does not
disturb particulates from the surface of the filter after
the etching step.

NOTE 3 It is recommended that filters be fitted to the
oxygen supply and the air admission line.

7.3.5 Vacuum coating unit

A vacuum coating unit capable of producing a vacuum
better than 0,013 Pa shall be used for vacuum de-
position of carbon on the membrane filters. A sample
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holder is required which will allow a glass microscope
slide to be continuously rotated during the coating
procedure.

NOTE 4 A mechanism which also allows the rotating
slide to be tilted through an angle of approximately 45°
during the coating procedure is recommended. A liquid ni-
trogen cold trap above the diffusion pump may be used to
minimize the possibility of contamination of the filter sur-
faces by oil from the pumping system. The vacuum coating
unit may also be used for deposition of the thin film of gold,
or other calibration material, when it is required on TEM
specimens as an internal calibration of ED patterns.

7.3.6 Sputter coater

A sputter coater with a gold target may be used for
deposition of gold onto TEM specimens as an integral
calibration of ED patterns. Other calibration materials
are acceptable. Experience has shown that a sputter
coater allows better control of the thickness of the
calibration material.

7.3.7 Solvent washer (Jaffe washer)

The purpose of the Jaffe washer is to allow dissol-
ution of the filter polymer while leaving an intact
evaporated carbon film supporting the fibres and
other particles from the filter surface. One design of

a washer which has been found satisfactory for vari-
ous solvents and filter media is shown in figure 2. In
general, either chloroform or 1-methyl-2-pyrrolidone
has been used for dissolving polycarbonate filters and
dimethylformamide or acetone has been used for
dissolving MEC or cellulose nitrate filters. The higher
evaporation rates of chloroform and acetone require
that a reservoir of 10 ml to 50 ml of solvent be used,
which may need replenishment during the procedure.
Dimethylformamide and 1-methyl-2-pyrrolidone have
lower vapour pressures and much smaller volumes
of solvent may be used. It is recommended that all
washers be used in a fume hood, and when speci-
mens are not being inserted or removed, the Petri
dish lid shall be in place during the solvent dissolution.
The washer shall be cleaned before it is used for each
batch of specimens.

7.3.8 Condensation washer

For more rapid dissolution of the filter polymer, or if
difficulties are experienced in dissolving the filter
polymer, use a condensation washer, consisting of a
flask, condenser and cold finger assembly, with a
heating mantle and means for controlling the temper-
ature. A suitable assembly is shown in figure 3, using
either acetone or chloroform as the solvent, depend-
ing on the type of filter.

Electron microscope
specimens

Glass Petri dish
(0100 mm x 15 mm)

Dimensions in centimetres

Stainless steel mesh
bridge (50 mesh)

Lens tissue

NOTE — Solvent is added until the meniscus contacts the underside of the stainless steel mesh bridge.

Rgure 2 — Example of design of solvent washer (Jaffe washer)
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Condenser

Specimen

Water drain

Cold water source

Thermostatically controlled
heating mantle

''"'IIIIIIIHI

Figure 3 — Example of design of condensation washer

7.3.9 Slide warmer or oven

Use either a slide warmer or an oven for heating
slides during the preparation of TEM specimens from
MEC or cellulose nitrate filters. It is required to main-
tain a temperature of 65 °C to 70 °C.

7.3.10 Ultrasonic bath

An ultrasonic bath is necessary for cleaning the appa-
ratus used for TEM specimen preparation.

7.3.11 Carbon grating replica

A carbon grating replica with about 2 000 parallel lines
per millimetre shall be used to calibrate the magni-
fication of the TEM.

7.3.12 Calibration specimen grids for EDXA

TEM specimen grids prepared from dispersions of
calibration minerals are required for calibration of the
EDXA system. Some suitable calibration minerals are
riebeckite, chrysotile, halloysite, phlogopite, wollas-
tonite and bustamite. The mineral used for calibration

of the EDXA system for sodium shall be prepared
using a gold TEM grid.

7.3.13 Carbon rod sharpener

The use of necked carbon rods, or equivalent, allows
the carbon to be evaporated onto the filters with a
minimum of heating..

7.3.14 Disposable tip micropipettes .

A disposable tip micropipette, capable of transferring
a volume of approximately 30 ul, is necessary for the
preparation of TEM specimen grids from MEC filters.

7.4 Consumable supplies

7.4.1 Copper electron microscope grids

Copper TEM grids with 200 mesh are recommended.
Grids which have grid openings of uniform size such
that they meet the requirement specified in 9.6.2 shall
be chosen. To facilitate the relocation of individual grid
openings for quality assurance purposes, the use of
grids with numerical or alphabetical indexing of indi-
vidual grid openings is recommended.
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7.4.2 Gold electron microscope grids

Gold TEM grids with 200 mesh are recommended to
mount TEM specimens when sodium measurements
are required in the fibre identification procedure. Grids
which have grid openings of uniform size such that
they meet the requirement specified in 9.6.2 shall be
chosen. To facilitate the relocation of individual grid
openings for quality assurance purposes, the use of
grids with numerical or alphabetical indexing of indi-
vidual grid openings is recommended.

7.4.3 Carbon rod electrodes

Spectrochemically pure carbon rods, shall be used in
the vacuum evaporator (7.3.5) during carbon coating
of filters.

7.4.4 Routine electron microscopy tools and
supplies

Fine-point tweezers, scalpel holders and blades, mi-
croscope slides, double-coated adhesive tape, lens
tissue, gold wire, tungsten filaments and other routine
supplies are required.

7.4.5 Reference asbestos samples

Asbestos samples, shall be for preparation of refer-
ence TEM specimens of the primary asbestos min-
erals. The UICC set of minerals is suitable for this
purpose.

8 Air sample collection

The desired analytical sensitivity is a parameter that
shall be established for the analysis prior to sample
collection. It is defined as the structure-concentration
corresponding to the detection of one structure in the
analysis. For direct transfer methods of TEM speci-
men preparation, the analytical sensitivity is a function
of the volume of air sampled, the active area of the
collection filter, and the area of the TEM specimen
over which structures are counted. If total airborne
dust levels are high, it may be necessary to terminate
sampling before the required volume has been sam-
pled. If this happens, the analytical sensitivity required
can be achieved only by counting structures on more
grid openings, or by selective concentration of
asbestos structures using an indirect TEM specimen
preparation technique. Select the sampling rate and
the period of sampling to yield the required analytical
sensitivity, as detailed in table 1. Before air samples

are collected, unused filters shall be analysed as de-
scribed in 9.7 to determine the mean asbestos struc-
ture count for blank filters.

Air samples shall be collected using filter cassettes
(7.1.1). During sampling, the cassette shall be sup-
ported on a stand (7.1.3) which is isolated from the
vibrations of the pump (7.1.2). The cassette shall be
held facing vertically downwards at a height of ap-
proximately 1,5 m to 2,0 m above ground/floor level,
and shall be connected to the pump with a flexible
tube.

Measure the sampling flow-rate at the front end of
the cassette, both at the beginning and end of the
sampling period, using a calibrated variable area
flowmeter (7.1.4) temporarily attached to the inlet of
the cassette. The mean value of these two mea-
surements shall be used to calculate the total air vol-
ume sampled.

Basic strategies for monitoring environmental sources
of airborne asbestos are described in annex G. After
sampling, a cap shall be placed over the open end of
the cassette, and the cassette packed with the filter
face-upwards for return to the laboratory. Field blank
filters shall also be included, as specified in 9.7, and
submitted to the remaining analytical procedures
along with the samples.

NOTES

5 In table 1 a collection filter area of 385 mm2 is assumed,
and the TEM grid openings are assumed to be 85 nm2

square. The limit of detection is defined as the upper 95 %
confidence limit of the Poisson distribution for a count of
0 structures. In the absence of background, this is equal to
2.99 times the analytical sensitivity. Backgrounds that are
different from 0 observed during analysis of blank filters will
degrade the limit of detection.

6 The analytical sensitivity 5. expressed in number of
structures per litre, is calculated using the following
equation:

where

A is the active area, in square millimetres, of
sample collection filter;

is the mean area, in square millimetres, of grid
openings examined;

is the number of grid openings examined;

is the volume of air sampled, in litres.

10
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Table 1 — Examples of the minimum number of grid openings required to achieve a particular analytical
sensitivity and limit of detection

Analytical
sensitivity

structures/I

0,1

0.2

0.3

0,4

0,5

0.7

1,0

2.0

3,0

4,0

5.0

7,0

10

Limit of
detection

structures/I

0,30

0,60

0.90

1.2

1.5

2.1

3.0

6.0

9.0

12

15

21

30

500

1 066

533

356

267

214

153

107

54

36

27

22

16

11

1 000

533

267

178

134

107

77

54

27

18

14

11

8

6

Volume of air :

2000

267

134

89

67

54

39

27

14

9

7

6

4

4

campled (litres)

3000

178

89

60

45

36

26

18

9

6

5

4

4

4

4000

134

67

45

34

27

20

14

7

5

4

4

4

4

5000

107

54

36

27

22

16

11

6

4

4

4

4

4

9 Procedure for analysis

9.1 General

The techniques used to prepare TEM specimens are
different for polycarbonate and cellulose ester filters.
The preparation method to be used shall be either 9.3
or 9.4, depending on the type of membrane filter used
for air sampling. Cleaning of the sample cassettes
before they are opened, preparation of the carbon
evaporator, criteria for acceptable specimen grids, and
the requirement for blank determinations are identical
for the two preparation techniques. TEM examination,
structure counting, fibre identification and reporting
of results are independent of the type of filter or
preparation technique used.

The ability to meet the blank sample criteria is de-
pendent on the cleanliness of equipment and sup-
plies. Consider all supplies such as microscope slides
and glassware as potential sources of asbestos con-
tamination. It is necessary to wash all glassware be-
fore it is used. Wash any tools or glassware which
come into contact with the air sampling filters or TEM
specimen preparations both before use and between
handling of individual samples. Where possible,
disposable supplies should be used.

9.2 Cleaning of sample cassettes

Asbestos fibres can adher to the exterior surfaces of
air sampling cassettes, and these fibres can be inad-

vertently transferred to the sample during handling.
To prevent this possibility of contamination, and after
ensuring that the cassette is tightly sealed, wipe the
exterior surfaces of each sampling cassette before it
is placed in the clean facility or laminar flow hood.

9.3 Direct preparation of TEM specimens
from polycarbonate filters

9.3.1 Selection of filter area for carbon coating

Use a cleaned microscope slide to support represen-
tative portions of polycarbonate filter during the car-
bon evaporation. Double-coated adhesive tape is used
to attach the filter portions to the glass slide. Take
care not to stretch the polycarbonate filters during
handling. Using freshly cleaned tweezers, remove the
polycarbonate filter from the sampling cassette, and
place it on to a second cleaned glass microscope slide
which is used as a cutting surface. Using a freshly
cleaned curved scalpel blade, cut the filter by rocking
the blade from the point, pressing it into contact with
the filter. Repeat the process as necessary. Several
such portions may be mounted on the same micro-
scope slide. The scalpel blade and tweezers shall be
washed and dried between the handling of each filter.
Identify the filter portions by writing on the glass slide.

9.3.2 Carbon coating of filter portions

Place the glass slide holding the filter portions on the
rotation-tilting device, approximately 10 cm to 12: cm

11
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from the evaporation source, and evacuate the
evaporator chamber (7.3.5) to a vacuum better than
0,013 Pa. The evaporation of carbon shall be per-
formed in very short bursts, separated by a few sec-
onds to allow the electrodes to cool. If evaporation
of carbon is too rapid, the strips of polycarbonate filter
will begin to curl, and cross-linking of the surface will
occur. This cross-linking procedures a layer of polymer
which is relatively insoluble in organic solvents, and it
will not be possible to prepare satisfactory TEM
specimens. The thickness of carbon required is de-
pendent on the size of particles on the filter, and ap-
proximately 30 nm to 50 nm has been found to be
satisfactory. If the carbon film is too thin, large parti-
cles will break out of the film during the later stages
of preparation, and there will be few complete and
undamaged grid openings on the specimen. Too thick
a carbon film will lead to a TEM image which is lack-
ing in contrast, and the ability to obtain ED patterns
will be compromised. The carbon film thickness
should be the minimum possible, while retaining most
of the grid openings of the TEM specimen intact.

9.3.3 Preparation of the Jaffe washer

Place several pieces of lens tissue, as shown in
figure 2, on the stainless steel bridge (7.1.3) and fill
the washer (see 7.3.7) with chloroform (6.2) or
1-methyl-2-pyrrolidone (6.3) to a level where the
meniscus contacts the underside of the mesh, re-
sulting in saturation of the lens tissue.

9.3.4 Placing of specimens in the Jaffe washer

Using a curved scalpel blade, cut three 3 mm square
pieces of carbon-coated polycarbonate filter form the
carbon-coated filter portion. Select three squares to
represent the centre and the periphery of the active
surface of the filter. Place each square of filter, carbon
side up, on a TEM specimen grid, and place the grid
and filter on the saturated lens tissue in the Jaffe
washer. Place the three specimen grids from one
sample on the same piece of lens tissue. Any number
of separate pieces of lens tissue may be placed in the
same Jaffe washer. Cover the Jaffe washer with the
lid, and allow the washer to stand for at least 8 h.

NOTE 7 It has been found that some polycarbonate fit-
ters will not completely dissolve in the Jaffe washer, even
after exposure to chloroform for as long as 3 d. This prob-
lem is more severe if the surface of the filter was over-
heated during the carbon evaporation. It has been found
that the problem of residual undissolved filter polymer can
be overcome in several ways:

a) condensation washing of the grids, using chloroform as
the solvent, after the initial Jaffe washer treatment, can

often remove much of the residual filter medium in a
period of approximately 30 min. To carry out this pro-
cedure, transfer the piece of lens tissue supporting the
specimen grids to the cold finger of the condensation
washer (7.3.8), which has achieved stable operating
conditions. Operate the washer for approximately
30 min after inserting the grids;

b) used in a Jaffe washer, 1-methyl-2-pyrrolidone has been
found to be a more effective solvent than chloroform
for polycarbonate filters. This solvent is more effective
if the lens paper is not used and grids are placed di-
rectly on the stainless steel mesh of the Jaffe washer.
A dissolution period of 2 h to 6 h has been found to be
satisfactory. After dissolution is complete, remove the
stainless steel mesh from the Jaffe washer and allow
the grids to dry. 1-methyl-2-pyrrolidone evaporates very
slowly. If it is required to dry the grids more rapidly,
transfer the stainless steel bridge into another Petri
dish, and add water (6.1) until the meniscus contacts
the underside of the mesh. After approximately
15 min, remove the mesh and allow the grids to dry. If
it is desired to retain water-soluble particle species on
the TEM grids, ethanol may be used instead of water
(6.1) for the second wash;

c) a mixture of 20% 1.2-diaminoethane
[ethylenediamine] and 80 % 1-methyl-2-pyrrolidone,
used in a Jaffe washer, completely dissolves
polycarbonate filters in 15 min, even if the surface of
the filter has been overheated. To use this solvent,
place the grids directly on the stainless steel mesh of
the Jaffe washer, do not use the lens paper. After a
period of 15 min, transfer the stainless steel bridge into
another Petri dish, and add water (6.1) until the
meniscus contacts the underside of the mesh. After
approximately 15 min, remove the mesh and allow the
grids to dry. If it is desired to retain water-soluble par-
ticle species on the TEM grids, ethanol may be used
instead of water (6.1) for the second wash.

9.3.5 Rapid preparation of TEM specimens from
PC fitters

TEM specimens can be prepared rapidly from PC fil-
ters, if desired, by washing for approximately 1 h in a
Jaffe washer, followed by washing for 30 min in a
condensation washer using chloroform as the solvent.
The alternative filter dissolution procedures described
in note 7 may also be used.

9.4 Direct preparation of TEM specimens
from cellulose ester filters

9.4.1 Selection of area of filter for preparation

Using clean tweezers, remove the filter from the filter
cassette, and place it on a cleaned microscope slide.
Using a clean, curved scalpel blade, cut out a portion
of the filter.

12
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9.4.2 Preparation of solution for collapsing
cellulose ester filters

Mix 35 ml of dimethylformamide (6.4), and 15 ml of
glacial acetic acid (6.5) with 50 ml of water (6.1). Store
this mixture in a clean bottle. The mixture is stable
and suitable for use for up to 3 months after prepara-
tion.

9.4.3 Filter collapsing procedure

Using a micropipette with a disposable tip (7.3.14),
place 15 nl/cm to 25 nl/cm2 of the solution prepared
in 9.4.2 on a cleaned microscope slide, and using the
end of the pipette tip, spread the liquid over the area
to be occupied by the filter portion. Place the filter
portion, active surface upwards, on top of the sol-
ution, lowering the edge of the filter at an angle of
about 20° so that air bubbles are not created. Remove
any solution not absorbed by the filter by allowing a
paper tissue to contact the liquid at the edge of the
filter. More than one filter portion may be placed on
one slide. Place the slide either on a thermostatically
controlled slide warmer (7.3.9) at a temperature of
65 °C to 70 °C, or in an oven (7.3.9) at this temper-
ature, for 10 min. The filter collapses slowly to about
15 % of its original thickness. The procedure leaves
a thin, transparent polymer film, with particles and fi-
bres embedded in the upper surface.

9.4.4 Plasma etching of the filter surface

The optimum conditions and time for plasma etching
(see 7.3.4) have been determined experimentally from
the recovery of fine chrysotile fibrils on 0,8 (im pore
size MEC filters. The conditions required in a particular
plasma asher shall be established using the procedure
specified in annex A. Place the microscope slide
holding the collapsed filter portions in the plasma
asher. and etch for the time and under the conditions
determined. Take care to ensure that the correct
conditions are respected. After etching, admit air
slowly to the chamber and remove the microscope
slide.

Adjust the air admission valve of the plasma asher
such that the time taken for the chamber to reach at-
mospheric pressure exceeds 2 min. Rapid air admis-
sion may disturb particulates on the surface of the
etched filter.

9.4.5 Carbon coating

Coat the microscope slide holding the collapsed filter
portions with carbon as specified in 9.3.2.

9.4.6 Preparation of the Jaffe washer

Place several pieces of lens tissue on the stainless
steel bridge, and fill the washer with
dimethylformamide (6.4) or acetone (6.6) to a level
where the meniscus contacts the underside of the
mesh, resulting in saturation of the lens tissue.

9.4.7 Placing of specimens in the Jaffe washer

Place the specimens in the Jaffe washer as specified
in 9.3.4. Specimens are normally cleared after ap-
proximately 4 h.

9.4.8 Rapid preparation of TEM specimens from
cellulose ester filters

An alternative washing procedure may be used to
prepare TEM specimens from cellulose ester filters
more rapidly than can be achieved by the Jaffe
washing procedure. After the specimens have been
washed in a Jaffe washer for approximately 1 h,
transfer the piece of lens tissue supporting the
specimens to the cold finger of a condensation
washer (7.3.8) operating with acetone as the solvent
because dimethylformamide shall not be used in a
condensation washer. Operate the condensation
washer for approximately 30 min. This treatment re-
moves all the remaining filter polymer.

9.5 Criteria for acceptable TEM specimen
grids

Valid data cannot be obtained unless the TEM speci-
mens meet specified quality criteria. Examine the
TEM specimen grid in the electron microscope at a
sufficiently low magnification (x 300 to x 1 000) for
complete grid openings to be inspected. Reject the
grid if

a) the TEM specimen has not been cleared of filter
medium by the filter dissolution step. If the TEM
specimen exhibits areas of undissolved filter me-
dium, and if at least two of the three specimen
grids are not cleared, either additional washing
with solvent shall be carried out, or new speci-
mens shall be prepared from the filter;

b) the sample is overloaded with particulate. If the
specimen grid exhibits more than approximately
10 % obscuration on the majority of the grid
openings, the specimen shall be designated as
overloaded. This filter cannot be alanysed satis-
factorily using the direct preparation methods be-
cause the grid is too heavily loaded with debris to
allow separate examination of individual particles
by ED and EDXA, and obscuration of fibres by

13
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other particulates may lead to underestimation of
the asbestos structure count;

c) the particulate deposits on the specimen are not
uniformly distributed from one grid opening to the
next. If the particulate deposits on the specimen
are obviously not uniform from one grid opening
to the next, the specimen shall be designated as
non-uniform. This condition is a function either of
the air sampling conditions or of the fundamental
nature of the airborne particulate. Satisfactory
analysis of this filter may not be possible unless
a large number of grid openings is examined;

d) the TEM grid is too heavily loaded with fibrous
structures to make an accurate count. Accurate
counts cannot be made if the grid has more than
approximately 7 000 structures/mm2; or

e) more than approximately 25 % of the grid
openings have broken carbon film over the whole
grid opening. Since the breakage of carbon film is
usually more frequent in areas of heavy deposit,
counting of the intact openings can lead to an
underestimate of the asbestos structure count.

NOTE 8 If the specimens are rejected because un-
acceptable numbers of grid openings exhibit broken
carbon replica, an additional carbon coating may be ap-
plied to the carbon coated filter, and new specimen
grids prepared. The larger particles can often be sup-
ported by using a thicker carbon film. If this action does
not produce acceptable specimen grids, this filter can-
not be analysed using the direct preparation methods.

If one or more of the conditions described in b), c),
d) or e) exists, it may not be possible to analyse the
sample by this method.

9.6 Procedure for structure counting by TEM

9.6.1 General

The examination consists of a count of asbestos
structures which are present on a specified number
of grid openings. Fibres are classified into groups on
the basis of morphological observations, ED patterns
and EDXA spectra. The total number of structures to
be counted depends on the statistical precision de-
sired. In the absence of asbestos structures, the area
of the TEM specimen grids which must be examined
depends on the analytical sensitivity required. The
precision of the structure count depends not only on
the total number of structures counted, but also on
their uniformity from one grid opening to the next.
Additional structure counting will be necessary if
greater precision is required.

In order that the estimate of the structure density on
the sampling filter shall not be based on the small
area represented by one specimen grid, grid openings
shall be examined on two of the three specimen grids
prepared. Then combine the results in the calculation
of the structure density. Structure counts shall be
made at a magnification of approximately x 20 000,
and shall be terminated at the end of the examination
of the grid opening on which the 100th asbestos
structure is observed, except that the count shall be
continued until a minimum of 4 grid openings have
been examined. Otherwise, the structure count shall
continue to that number of grid openings at which the
specified analytical sensitivity has been achieved.

NOTE 9 The normal range for the number of grid
openings which should be examined is from 4 to 20. If in-
sufficient air has been sampled through the filter, the cal-
culation in 9.6.4 can indicate that an impractically large
number of grid openings should be examined. When this
situation occurs, a larger value of analytical sensitivity may
have to be accepted.

9.6.2 Measurement of mean grid opening area

The mean grid opening area shall be measured for the
type of TEM specimen grids in use. The standard de-
viation of the mean of 10 openings selected from 10
grids should be less than 5 %. As an optional proce-
dure, or if the 5 % standard deviation criterion cannot
be demonstrated, the dimensions of each grid open-
ing examined in the TEM shall be measured at a cali-
brated magnification.

9.6.3 TEM alignment and calibration procedures

Before structure counting is performed, align the TEM
according to instrumental specifications. Calibrate the
TEM and EDXA system according to the procedures
specified in annex B.

9.6.4 Determination of stopping point

Before structure counting is begun, calculate the area
of specimen to be examined in order to achieve the
selected analytical sensitivity. Calculate the maximum
number of grid openings to be examined using the
following equation:

AgVS

where

is the number of grid openings to be ex-
amined, rounded upwards to the next
highest integer;
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V

s

is the area, in square millimetres, of sam-
ple filter;

is the area, in square millimetres, of TEM
specimen grid opening;

is the volume of air sampled, in litres:

is the required analytical sensitivity, ex-
pressed in number of structures per litre.

9.6.5 General procedure for structure counting
and size analysis

Use at least two specimen grids prepared from the
filter in the structure count. Select at random several
grid openings from each grid, and combine the data
in the calculation of the results.

Use a form similar to that shown in figure 4 to record
the data. Insert the first specimen grid into the TEM.

NOTE 10 In order to facilitate quality assurance mea-
surements which require re-examination of the same grid
opening by different microscopists, the grid should be in-
serted into the specimen holder in a standard orientation
with the grid bars parallel and perpendicular to the axis of
the specimen holder. This will provide scan directions par-
allel to the edges of the grid opening. It should be ensured
that all microscopists begin scanning at the same starting
point on the grid opening, and that they use similar scan
patterns. This procedure permits rapid relocation of fibrous
structures for further examination if necessary.

Select a typical grid opening and set the screen mag-
nification to the calibrated value (approximately
x 20 000). Adjust the sample height until the features
in the centre of the TEM viewing screen are at the
eucentric point. Set the goniometer tilt angle to zero.
In column 1 of the data recording form, record the
number or letter used to identify the grid. In column
2, record the identification of the particular grid open-
ing. Position the specimen so that the grid opening is
positioned with one corner visible on the screen.
Move the image by adjustment of only one translation
control, carefully examining the sample for fibres, until
the opposite side of the grid opening is encountered.
Move the image by a predetermined distance less
than one screen diameter, using the other translation
control, and scan the image in the reverse direction.
Continue the procedure in this manner until the entire
grid opening has been inspected in a pattern similar
to that shown in figure 5. When a fibrous structure is
detected, assign a sequential number to the primary
structure in column 3, perform the identification pro-
cedures required as detailed in annex E. and enter the
appropriate compositional classification on the struc-
ture counting form in column 5. Assign a

morphological classification to the structure according
to the procedures specified in annex D, and record
this in column 6. Measure on the TEM viewing screen
the length and width of the image of the primary
structure, in millimetres, and record these mea-
surements in columns 7 and 8. For a disperse cluster
or matrix, assign a compositional classification and a
morphological classification to each structure compo-
nent, measure the length and width, and enter the
data in columns 4 to 8. Use column 4 of the data re-
cording form to tabulate the sequential number of
total structures taking into account structure compo-
nents, if non-asbestos fibres are observed, note their
presence and type, if known. After a fibrous structure
has been examined and measured, relocate the orig-
inal field of view accurately before continuing scan-
ning of the specimen. Failure to do this may cause
structures to be overlooked or counted twice. Con-
tinue the examination until the completion of the grid
opening on which the 100th asbestos structure has
been recorded, or until the number of grid openings
required to achieve the specified analytical sensitivity,
calculated according to 9.6.4, have been examined
whichever occurs first. The data shall be drawn ap-
proximately equally from a minimum of two grids.
Regardless of the value calculated according to 9.6.4,
fibrous structures on a minimum of four openings
shall be counted.

9.6.6 Measurement of concentration for asbestos
fibres and bundles longer than 5 urn

Consider improving the statistical validity for meas-
urement of asbestos fibres and bundles longer than
5 Mm by additional examination at a lower magnifica-
tion, taking account only of the longer fibres and
bundles. Perform this extended examination for fibres
and bundles longer than 5 nm in accordance with the
procedures specified in annex E. Use a magnification
of approximately x 10 000 for counting all asbestos
fibres and bundles longer than 5 nm, or approximately
x 5 000 if only fibres and bundles within the diameter
range 0,2 pm to 3,0 urn are to be counted. Continue
the count until completion of the grid opening on
which 100 fibres and bundles have been recorded, or
until a sufficient area of the specimen has been ex-
amined to achieve the desired analytical sensitivity.
Only those structures which are identified as, or are
suspected to be, either chrysotile or one of the
amphibole minerals will be reported in either the
original or the extended TEM examination. Other ma-
terials, such as gypsum, cellulose fibres, and filter
artifacts such as undissolved filter strands, will not be
included in the fibre count. This restriction is intended
to ensure that the best statistical validity is obtained
for the materials of interest.
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Figure 5 — Example of scanning procedure for TEM specimen examination

9.7 Blank and quality control determinations

Before air samples are collected, a minimum of two
unused filters from each filter lot of 100 filters shall
be analysed to determine the mean asbestos struc-
ture count. If the mean count for all types of asbestos
structures is found to be more than 10 structures/
mm2, or if the mean fibre count for asbestos fibres
and bundles longer than 5 nm is more than 0,1 fibre/
mm2, reject the filter lot.

To ensure that contamination by extraneous asbestos
fibres during specimen preparation is insignificant
compared with the results reported on samples, es-
tablish a continuous programme of blank mea-
surements. At least one field blank shall be processed
along with each batch of samples. In addition, at least

one unused filter shall be included with every group
of samples prepared on one microscope slide.

Initially, and also at intervals afterwards, ensure that
samples of known asbestos concentrations can be
analysed satisfactorily. Since there is a subjective
component in the structure counting procedure, it is
necessary that recounts of some specimens be made
by different microscopists, in order to minimize the
subjective effects. Such recounts provide a means of
maintaining comparability between counts made by
different microscopists. Variability between and within
microscopists and between laboratories shall be
characterized. These quality assurance measurements
shall constitute approximately 10 % of the analyses.
Repeat results should not differ at the 5 % signif-
icance level.
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9.8 Calculation of results

Calculate the results using the procedures detailed in
annex F. Prior to the TEM examination of the speci-
mens, the level of analysis was specified. Before the
results are calculated, the compositional and
morphological classifications to be included in the re-
sult shall be specified. The chi-squared uniformity test
shall be conducted using the number of primary
asbestos structures found on each grid opening, prior
to the application of the cluster and matrix counting
criteria. The concentration result shall be calculated
using the numbers of asbestos structures reported
after the application of the cluster and matrix counting
criteria.

10 Performance characteristics

10.1 General

It is important to use this analytical method in con-
junction with a continuous quality control programme.
The quality control programme should include use of
standard samples, blank samples, and both interlabo-
ratory and intralaboratory analyses.

10.2 Interferences and limitations of fibre
identification

Unequivocal identification of every chrysotile fibre is
not possible, due to both instrumental limitations and
the nature of some of the fibres. The requirement for
a calibrated ED pattern eliminates the possibility of an
incorrect identification of the fibre selected. However,
there is a possibility of misidentification of fibres for
which both the morphologies and the ED patterns are
reported on the basis of visual inspection only. The
only significant possibilities of misidentification occur
with halloysite, vermiculite scrolls or palygorskite, all
of which can be discriminated from chrysotile by the
use of EDXA and by observation of the 0,73 nm (002)
reflection of chrysotile in the ED pattern.

As in the case of chrysotile fibres, complete identifi-
cation of every amphibole fibre is not possible due to
instrumental limitations and the nature of some of the
fibres. Moreover, complete identification of every
amphibole fibre is not practical due to the limitations
of both time and cost. Particles of a number of other
minerals with compositions similar to those of some
amphiboles could be erroneously classified as
amphibole when the classification criteria do not in-
clude zone-axis ED techniques. However, the re-
quirement for quantitative EDXA measurements on
all fibres as support for the random orientation ED
technique makes misidentification very unlikely, par-

ticularly when other similar fibres in the same sample
have been identified as amphibole by zone-axis
methods. The possibility of misidentification is further
reduced with increasing aspect ratio, since it is rare
for the minerals with which amphibole may be con-
fused to display an asbestiform habit.

10.3 Precision and accuracy (see ISO
Standard Handbook No. 3)

10.3.1 Precision

The analytical precision that can be obtained is de-
pendent upon the number of structures counted, and
also on the uniformity of the particulate deposit on the
original filter. Assuming that the structures are ran-
domly deposited on the filter, if 100 structures are
counted and the loading is at least 3,5 structures/grid
opening, computer modelling of the counting proce-
dure shows that a coefficient of variation of about
10 % can be expected. As the number of structures
counted decreases, the precision will also decrease
approximately as ^JN. where N is the number of
structures counted. In practice, particulate deposits
obtained by filtration of ambient air samples are rarely
ideally distributed, and it is found that the precision is
correspondingly reduced. Degradation of precision is
a consequence of several factors, such as:

a) non-uniformity of the filtered particulate deposit;

b) distorsion of the fibre distribution by application
of the structure counting criteria;

c) variation between microscopists in their interpre-
tation of the fibrous structures;

d) variation between microscopists in their ability to
detect and identify fibres.

The 95 % confidence interval about the mean for a
single structure concentration measurement using
this analytical method should be approximately
± 25 % when 100 structures are counted over 10 grid
openings.

10.3.2 Accuracy

There is no independent method available to deter-
mine the accuracy.

NOTE 11 It has been demonstrated that, after
polycarbonate membrane filters have been coated with
carbon, particulate material is transferred to the TEM
specimens without measurable losses. However, if the fil-
ters are heavily loaded by particulate material, some of this
may be lost before they are coated with carbon. Good
comparability between the capillary-pore polycarbonate pro-
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cedure and the cellulose ester filter procedure has been
demonstrated for laboratory-generated aerosols of
chrysotile asbestos.

10.3.3 Intel-laboratory and intralaboratory
analyses

Interlaboratory and intralaboratory analyses are re-
quired in order to monitor systematic errors that may
develop among microscopists when using this
method. These analyses should be designed to test
both the overall method and the performance of indi-
vidual microscopists. Repeating preparation of TEM
grids from different sectors of a filter, followed by
examination of the grids by a different microscopist,
is a test for the reproducibility of the whole method.
However, non-uniformity of the paniculate deposit on
the filter may lead to differences which are not related
to the performance of the microscopists. Verified fibre
counting (counting of asbestos structures on the
same grid opening of a TEM grid by two or more op-
erators, followed by resolution of any discrepancies)
may be used both as a training aid and to determine
the performance of different microscopists. The use
of indexed TEM grids as described in 7.4.1 and 7.4.2
is recommended in order to facilitate relocation of
specific grid openings.

10.4 Limit of detection

The limit of detection of the method can be varied by
choice of the area of the collection filter, the volume
of air sampled and the area of the specimen examined
in the TEM. It is also a function of the background of
asbestos structures on unused filters. A limit of de-
tection shall be quoted for each sample analysis.

NOTE 12 In practice, the lowest limit of detection is fre-
quently determined by the total suspended paniculate con-
centration, since each particle on the filter must be
separated from adjacent ones by a distance large enough
for the particle to be identified without interference.
Particulate loadings on sampling filters greater than
25 |ig/cm2 usually preclude preparation of TEM specimens
by the direct methods. If the analysis is to be performed
with an acceptable expenditure of time, the area of the
specimen examined in the TEM for structures of all sizes is
limited in most cases to between 10 and 20 grid openings.
In typical ambient or building atmospheres, it has been
found that an analytical sensitivity of 1 structure/I can be
achieved. In some circumstances, where the atmosphere is
exceptionally clean, this can be reduced to 0,1 structure/I
or lower. For fibres and bundles longer than 5 pm, the re-
duced magnifications specified permit larger areas of the
TEM specimens to be examined with an acceptable ex-
penditure of time, resulting in proportionately lower limits
of detection. If no structures are found in the analysis, the
upper 95 % confidence limit can be quoted as the upper

boundary of the concentration, corresponding to 2,99 times
the analytical sensitivity if a Poisson distribution of struc-
tures on the filter is assumed. This 95 % confidence limit
for 0 structures counted is taken as the detection limit.
Since there is sometimes contamination of unused samples
filters by asbestos structures, this should also be takein into
account in the discussion of limits of detection.

11 Test report

The test report shall include at least the following in-
formation:

a) reference to this International Standard;

b) identification of the sample;

c) the date and time of sampling, and all necessary
sampling data;

d) the date of the analysis;

e) the identity of the analyst;

f) any procedure used that is not specified in this
International Standard or regarded as optional;

g) a complete listing of the structure counting data
{the following data should be included: grid open-
ing number, structure number, identification cate-
gory, structure type, length and width of the
structure in micrometres, and any comments
concerning the structure);

h) a statement of the minimum acceptable identifi-
cation category and the maximum identification
category attempted (refer to tables D.1 and D.2);

i) a statement specifying which identification and
structure categories have been used to calculate
the concentration values;

j) separate concentration values for chrysotile and
amphibole structures, expressed in number of
asbestos structures per litre;

k) the 95 % confidence interval limits for the con-
centration values, expressed in number of
asbestos structures per litre;

I) the analytical sensitivity, expressed in number of
asbestos structures per litre;

m) the limit of detection, expressed in number of
asbestos structures per litre;

n) compositional data for the principal varieties of
amphibole, if present;
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o) items g) to m) for asbestos fibres and bundles
longer than 5 jim;

p) items g) to m) for PCM equivalent asbestos fibres
and bundles.

An example of a suitable format for the structure
counting data is shown in figures 6 and 7.

Sample analysis information (page 1)

Laboratory name

Sample:

Report number

456 Queen Street
Ashby de la Zouch
Exterior sample 1991-09-09

Air volume:
Area of collection filter:
Level of analysis (chrysotile):
Level of analysis (amphibole):
Magnification used for fibre counting:
Aspect ratio for fibre definition:
Mean dimension of grid openings:
Initials of analyst:

Number of grid openings examined:

Analytical sensitivity:

Number of primary asbestos structures:

Number of asbestos structures counted:

Number of asbestos structures > 5 jim :

Number of asbestos fibres and bundles > 5 |im :

Number of PCM equivalent asbestos structures:

Number of PCM equivalent asbestos fibres:

Date

2 150,0 litres
385,0 mm2

CD or CMQ
ADQ
x 20 500
5/1
95,4 urn
JMW

10

1,968 structures/I

13

26

7

10

3

5

Figure 6 — Example of format for reporting sample and preparation data
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Sample analysis information (pages 2 and following)

Laboratoriy name

Sample:

Report number

456 Queen Street
Ashby de la Zouch
Exterior sample 1991-09-09

Date

TEM asbestos structure count — Raw data

Grid

A

B

C

Grid
opening

F4-4

E3-6
E5-1

F4-1

G5-1

E4-4

G4-4

E4-4
ES6

F4-1

Number of
structures

primary

1
2
3
4
5

6

7

8
9
10

11

12
13

total

1
2
3
4

5
6
7
8

9
10
11

12
13
14
15
16

17
18
19
20

21
22
23
24
25
26

Identlfi-
catlonD

CD
CMQ
ADQ
CD
CD
CD

CMQ
CD
CD
CD
CD
CD

CMQ
CD
CD

CMQ
CMQ
CD
AD

CMQ
CMQ
CMQ
ADQ
CM

No fibre:

ADQ
ADQ
ADQ
CM
CM

CMQ
CD

Structure
type

F
B
F
MC+0
MD43

MB
MF
MB
MF

CD+0
CB
CF

CR+0
CD31

CB
CF
CB

B
F
CD42

CB
CF
CF
CF

CD+3
CF
CF
CB

CR+0
MC10
CC+0

Length

jim

1,7
2,6
4,0
3,5
7.5
7,7
5,6
5,1
1,7
6,5
3,5
3,5
2,6
6,1
5,6
4,0
3,2
1,5
8,7
25
15
9.4
3,6
4,2

9,4
7,1
6,2
5.1
3,3
3,7
7,4

Width

urn

0.045
0,09
0,15
1.3
5,0

0,30
0,045
0,30

0,045
3,0

0,15
0,045

1.9
3,2
0.3

0,045
0.090
0,23
0,15
5.6

0,15
0,045
0.30
0,045

2.5
0,30
0,10
0,2
1,8
2,1
0,5

Comments

Crocidolite

Tremolite

Amosite
Crocidolite

1) Identification codes listed in tables D.1 and D.2.

Figure 7 — Example of format for reporting structure counting data
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Annex A
(normative)

Determination of operating conditions for plasma asher

A.1 General

During the preparation of TEM specimens from an
MEC or cellulose nitrate filter, the spongy structure
of the filter is collapsed into a thinner film of polymer
by the action of a solvent. Some of the particles on
the surface of the original filter become completely
buried in the polymer, and the specimen preparation
procedure incorporates a plasma etching step to
oxidize the surface layer of the porymer. Particles
buried by the filter collapsing step are then exposed
so that they can become subsequently affixed to the
evaporated carbon film without altering their position
on the original filter. The amount of etching is critical,
and individual ashers vary in performance. Therefore,
the plasma asher (7.3.4) shall be calibrated to give a
known amount of etching of the surface of the col-
lapsed filter. This is carried out by adjusting the
radio-frequency power output and the oxygen flow-
rate, and measuring the time taken to completely
oxidize an uncollapsed cellulose ester filter with
25 mm diameter of the same type and pore size as
those used in the analysis.

A.2 Procedure

Place an unused cellulose ester filter, with 25 mm di-
ameter, of the same type as that being used, in the
centre of a glass microscope slide. Position the slide
approximately in the centre of the asher chamber.
Close the chamber and evacuate to a pressure of ap-
proximately 40 Pa, while admitting oxygen to the
chamber at a rate of 8 ml/min to 20 ml/min. Adjust
the tuning of the system so that the intensity of the
plasma in maximized. Measure the time required for
complete oxidation of the filter. Determine operating
parameters which result in complete oxydation of the
filter in a period of approximately 15 min. For etching
of collapsed filters, these operating parameters shall
be used for a period of 8 min.

NOTE 13 Plasma oxidation at high radio-frequency pow-
ers will cause the filter to shrink and curl, followed by sud-
den violent ignition. At lower powers, the filter will remain
in position and will slowly become thinner until it is nearly
transparent. It is recommended that a radio-frequency
power be used such that violent ignition does not occur.
When multiple filters are etched, the rate of etching is re-
duced, and the system should be calibrated accordingly.
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Annex B
(normative)

Calibration procedures

B.I Calibration of the TEM

B.1.1 Calibration of TEM screen
magnification

The electron microscope should be aligned according
to the specifications of the manufacturer. Initially, and
at regular intervals, calibrate the magnifications used
for the analysis using a diffraction grating replica
(7.3.11). Adjust the specimen height to the eucentric
position before carrying out the calibration. Measure
the distance on the fluorescent viewing screen occu-
pied by a convenient number of repeat distances of
the grating image, and calculate the magnification.
Always repeat the calibration after any instrumental
maintenance or change of operating conditions. The
magnification of the image on the viewing screen is
not the same as that obtained on photographic plates
or film. The ratio between these is a constant value
for the particular model of TEM.

B.I.2 Calibration of ED camera constant

Calibrate the camera constant of the TEM when used
in ED mode. Use a specimen grid supporting a carbon
film on which a thin film of gold has been evaporated
or sputtered. Form an image of the gold film with the
specimen adjusted to the eucentric position and se-
lect ED conditions. Adjust the objective lens current
to optimize the pattern obtained, and measure the di-
ameters of the innermost two rings either on the flu-
orescent viewing screen or on a recorded image.
Calculate the radius-based camera constant, XL. for
both the fluorescent screen and the photographic
plate or film, using the following equation:

ML-

where

A

aD
2 + k2 + /2

is the wavelength, in nanometres, of the
incident electrons;

is the camera length, in millimetres;

a is the unit cell dimension of gold, in
nanometres (= 0,407 86 nm);

D is the diameter, in millimetres, of the (Met)
diffraction ring.

Using gold as the calibration material, the radius-
based camera constant is given by

/IL = 0,117 74£> mm-nm (smallest ring)

;iL = 0,101 97O mm-nm (second ring)

B.2 Calibration of the EDXA system

Energy calibration of the EDXA system for a low en-
ergy and high energy peak shall be performed regu-
larly. Calibration of the intensity scale of the EDXA
system permits quantitative composition data, at an
accuracy of about 10% of the elemental concen-
tration, to be obtained from EDXA spectra of refer-
ence silicate minerals involving the elements Na,
Mg, Al, Si, K, Ca, Mn and Fe, and applicable certified
reference materials. If quantitative determinations are
required for minerals containing other elements, ref-
erence standards other than those referred to below
will be required. Well-characterized mineral standards
permit calibration of any TEM-EDXA combination
which meets the instrumental specifications of 7.3.1
and 7.3.2, so that EDXA data from different instru-
ments can be compared. Reference minerals are re-
quired for the calibration; the criteria for selection
being that they should be silicate minerals with ma-
trices as close as possible to those of the amphiboles
or serpentine, and that small individual fragments of
the minerals are homogeneous in composition within
a few percent.

Determine the compositions of these standards by
electron microprobe analysis or chemicals methods.
Crush fragments of the same selected mineral stan-
dards and prepare filters by dispersal of the crushed
material in water and immediate filtration of the sus-
pensions. Prepare TEM specimens from these filters
according to the procedures specified in clause 9.
These TEM specimens can then be used to calibrate
any TEM-EDXA system so that comparable composi-
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tional results can be obtained from different instru-
ments.

NOTES

14 The microprobe analysis of the mineral standards are
carried out by conventional techniques which can be found
in annex J. The mineral is first embedded in a mount of
polylmethyl methacrylate) or epoxy resin. The mount is then
ground and polished to achieve a flat, polished surface of
the mineral fragment. This surface is then analysed, using
suitable reference standards, preferably oxide standards of
the individual elements wherever these are available. It is
necessary to take into account the water concentration in
the minerals, which in the case of chrysotile amounts to
13 % by mass. This water content may vary due to losses
in the vacuum system.

15 Aqueous suspensions of mineral standards should be
filtered immediately after preparation, since alkali and alkali
earth metals may be partially leached from minerals con-
taining these elements.

Express the results of the electron microprobe ana-
lyses as atomic or mass percentage ratios relative to
silicon. X-ray peak ratios of the same elements rela-
tive to silicon, obtained from the EDXA system, can
then be used to calculate the relationship between
peak area ratio and atomic or mass percentage ratio.
The technique was described by Cliff and Lorimer
(see annex J, reference [8]).

The X-rays generated in a thin specimen by an inci-
dent electron beam have a low probability of interact-
ing with the specimen. Thus, mass absorption and
fluorescence effects are negligible. In a silicate min-
eral specimen containing element i, the following
equation can be used to perform quantitative analyses
in the TEM:

- -

where

Cj is the concentration or atomic percentage
of element»;

^.

Csi is the concentration or atomic percentage
of silicon;

A, is the elemental integrated peak area for
element /;

A& is the elemental integrated peak area for
silicon;

ki is the fc-ratio for element i relative to sili-
con.

For a particular instrumental configuration and a par-
ticular particle size, the value of k, is constant.

To incorporate correction for the particle size effect
on peak area ratios (see annex J, references [35] and
[36], extend the Cliff and Lorimer technique by ob-
taining separate values of the constant k, for different
ranges of fibre diameter. It is recommended that 20
EDXA measurements be made for each range of fibre
diameters. Suitable ranges of fibre diameter are:

< 0,25 urn;
> 1,0 urn

; 0,25 \im to 0,5 urn; 0,5 jim to 1,0 (

Insert the TEM grid into the transmission electron
microscope, obtain an image at the calibrated higher
magnification of about x 20 000, and adjust the spec-
imen height to the eucentric point. If the X-ray detec-
tor is a side-entry variety, tilt the specimen towards
the X-ray detector. Select an isolated fibre or particle
less than 0,5 (im in width, and accumulate an EDXA
spectrum using an electron probe of suitable diam-
eter. When a well-defined spectrum has been ob-
tained, perform a background subtraction and
calculate the background-corrected peak areas for
each element listed, using energy windows centred
on the peaks. Calculate the ratio of the peak area for
each specified element relative to the peak area for
silicon. All background-subtracted peak areas used for
calibration shall exceed 400 counts.

Repeat this procedure for 20 particles of each mineral
standard. Reject analyses of any obviously foreign
particles. Calculate the arithmetic mean concentration
to peak area ratio, k, Ot-ratio), for each specified ele-
ment of each mineral standard and for each of the fi-
bre diameter ranges. Periodic routine checks shall be
carried out to ensure that there has been no degra-
dation of the detector performance. These ̂ -ratios are
used to calculate the elemental concentrations of un-
known fibres, using the Cliff and Lorimer relationship.
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Annex C
(normative)

Structure counting criteria

C.I General

In addition to isolated fibres, other assemblages of
particles and fibres frequently occur in air samples.
Groupings of asbestos fibres and particles, referred to
as "asbestos structures", are defined as fibre bun-
dles, clusters and matrices. The numerical result of a
TEM examination depends largely on whether the
analyst assigns such an assemblage of fibres as a
single entity, or as the estimated number of individual
fibres which form the assemblage. It is therefore im-
portant that a logical system of counting criteria be
defined, so that the interpretation of these complex
structures is the same for all analysts, and so that the
numerical result is meaningful. Imposition of specific
structure-counting criteria generally requires that
some interpretation, partially based on uncertain in-
formation on health effects, be made of each
asbestos structure found. It is not the intention of this
International Standard to make any interpretations
based on health effects, and it is intended that a clear
separation shall be made between recording of struc-
ture counting data, and later interpretation of those
data. The system of coding specified in this Interna-
tional Standard permits a clear morphological de-
scription of the structures to be recorded in a concise
manner suitable for later interpretation, if necessary,
by a range of different criteria, without the necessity
for re-examination of the specimens. In particular, the
coding system is designed to permit the dimensions
of each complex fibrous structure, and also whether
these structures contain fibres longer than 5 nm, to
be recorded. This approach permits later evaluations
of the data to include considerations of particle
respirability and comparisons with historical indices
of asbestos exposure. Examples of the various types
of morphological structure, and the manner in which
these shall be recorded, are shown in figured.

C.2 Structure definitions and treatment

Each fibrous structure that is a separate entity shall
be designated as a primary structure. Each primary
structure shall be designated as a fibre, bundle, clus-
ter or matrix.

C.2.1 Fibre

Any particle with parallel or stepped sides, of mini-
mum length 0,5 \im, and with an aspect ratio of 5/1
or greater, shall be defined as a fibre. For chrysotile
asbestos, the single fibril shall be defined as a fibre.
A fibre with stepped sides shall be assigned a width
equal to the average of the minimum and maximum
widths. This average shall be used as the width in
determination of the aspect ratio.

C.2.2 Bundle

A grouping composed of apparently attached parallel
fibres shall be defined as a bundle, with a width equal
to an estimate of the mean bundle width, and a length
equal to the maximum length of the structure. The
overall aspect ratio of the bundle may have any value,
provided that it contains individual constituent fibres
with aspect ratios equal to or greater than 5/1. Bun-
dles may exhibit diverging fibres at one or both ends.

C.2.3 Cluster

An aggregate of two or more randomly oriented fi-
bres, with or without bundles, shall be defined as a
cluster. Clusters occur as two varieties.

C.2.3.1 disperse cluster (type D): Disperse and
open network, in which at least one of the individual
fibres or bundles can be separately identified and its
dimensions measured;

C.2.3.2 compact cluster (type C): Complex and
tightly bound network, in which one or both ends of
each individual fibre or bundle is (are) obscured, such
that the dimensions of individual fibres and bundles
cannot be unambiguously determined.

In practice, clusters can occur in which the character-
istics of both types of cluster occur in the same
structure. Where this occurs, the structure should be
defined as a disperse cluster, and then a logical pro-
cedure should be followed by recording structure
components according to the counting criteria. The
procedure for treatment of clusters is illustrated by
examples in figure C.2.
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Fibres

Bundles

a) Disperse ducter (type D) b) Compact duster (type C)

c) Disperse matrix (type D) d) Compact matrix (type C)

Rgure C.1 — Fundamental morphological structure types
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Count as 1 compact cluster containing more than 9 fi-
bres (all fibres shorter than 5

Record as CC+0

Count as 1 disperse cluster consisting of 5 fibres, 4
of which are longer than 5 nm

Record as CD54, followed by 5 fibres, each recorded
asCF

Count as 1 disperse cluster consisting of 4 fibres, 2
of which are longer than 5 nm, and 2 cluster residuals,
each containing more than 9 fibres

Record as CD+2, followed by 4 fibres, each recorded
as CF, and 2 cluster residual, each recorded as CR+0

Count as 1 disperse cluster consisting of 3 fibres, 2
bundles, 1 of which is longer than 5 jim, and 1 cluster
residual containing more than 9 fibres

Record as CD+1, followed by 3 fibres, each recorded
as CF, 2 bundles, each recorded as CB, and 1 cluster
residual recorded as CR+0

5 jam

Figure C.2 — Examples of recording of complex asbestos clusters

27



ISO 10312:1995{E) OISO

C.2.4 Matrix

One or more fibres, or fibre bundles, may be attached
to, or partially concealed by, a single particle or group
of overlapping nonfibrous particles. This structure
shall be defined as a matrix. The TEM image does not
discriminate between particles which are attached to
fibres, and those which have by chance overlapped in
the TEM image. It is not known, therefore, whether
such a structure is actually a complex particle, or
whether it has arisen by a simple overlapping of par-
ticles and fibres on the filter.

Since a matrix structure may involve more than one
fibre, it is important to define in detail how matrices
shall be counted. Matrices exhibit different character-
istics, and two types can be defined.

C.2.4.1 disperse matrix (type D): Structure con-
sisting of a particle or linked group of particles, with
overlapping or attached fibres or bundles in which at
least one of the individual fibres or bundles can be
separately identified and its dimensions measured.

C.2.4.2 compact matrix (type C): Structure con-
sisting of a particle or linked group of particles, in
which fibres or bundles can be seen either within the
structure or projecting from it, such that the dimen-
sions of individual fibres and bundles cannot be un-
ambiguously determined.

In practice, matrices can occur in which the charac-
teristics of both types of matrix occur in the same
structure. Where this occurs, the structure should be
assigned as a disperse matrix, and then a logical pro-
cedure should be followed by recording structure
components according to the counting criteria. Exam-
ples of the procedure which shall be followed are
shown in figure C.3.

C.2.5 Asbestos structure larger than 5 urn

Any fibre, bundle, cluster or matrix for which the
largest dimension exceeds 5 urn. Asbestos structures
larger than 5 |im do not necessarily contain asbestos
fibres or bundles longer than 5 urn.

C.2.6 Asbestos fibre or bundle longer than
5 |im

An asbestos fibre of any width, or bundle of such fi-
bres, which has a length exceeding 5 nm.

C.2.7 PCM equivalent structure

Any fibre, bundle, cluster or matrix with an aspect ra-
tio of 3/1 or greater, longer than 5 urn, and which has
a diameter between 0,2 urn and 3,0 |im. PCM equiv-
alent structures do not necessarily contain fibres or
bundles longer than 5 \im, or PCM equivalent fibres.

C.2.8 PCM equivalent fibre

Any particle with parallel or stepped sides, with an
aspect ratio of 3/1 or greater, longer than 5 jim, and
which has a diameter between 0,2 nm and 3,0 urn.
For chrysotile, PCM equivalent fibres will always be
bundles.

C.3 Other structure counting criteria

C.3.1 Structures which intersect grid bars

A structure which intersects a grid bar shall only be
counted on two sides of the grid opening, as illus-
trated in figure C.4. Record the dimensions of the
structure such that the obscured portions of compo-
nents are taken to be equivalent to the unobscured
portions, as shown by the broken lines in figure C.4.
For example, the length of a fibre intersecting a grid
bar is taken to be twice the unobscured length.
Structures intersecting either of the other two sides
shall not be included in the count.

C.3.2 Fibres which extend outside the field
of view

During scanning of a grid opening, count fibres which
extend outside the field of view systematically, so as
to avoid double-counting. In general, a rule should be
established so that fibres extending outside the field
of view in only two quadrants are counted. The pro-
cedure is illustrated by figure C.5. Measure the length
of each of these fibre by moving the specimen to lo-
cate the other end of the fibre, and then return to the
original field of view before continuing to scan the
specimen. Fibres without terminations within the field
of view shall not be counted.
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Count as 1 compact matrix, with all fibres shorter than
5 urn

Record as MC+0

5|im

Count as 1 disperse matrix consisting of 1 fibre shorter
than 5 um

Record as MD10, followed by 1 fibre recorded as MF

Sji/n

Count as 1 disperse matrix consisting of 5 fibres, all
longer than 5 um

Record as MD55, followed by 5 fibres, each recorded
asMF

Count as 1 disperse matrix, consisting if 3 fibres, 1 of
which is longer than 5 um, and 1 matrix residual con-
taining 3 fibres

Record as MD61, followed by 3 fibres, each recorded
as MF, and 1 matrix residual recorded as MR30

Figure C.3 — Examples of recording of complex asbestos matrices
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Scan direction

Grid opening

Figure C.4 — Example of counting of structures which intersect grid bars

Scan direction

Count

Do not count

^— TEM field of view

Do not count

Grid opening

Figure C.5 — Example of counting of fibres which extend outside the field of view
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C.4 Procedure for data recording

C.4.1 General

The morphological codes specified are designed to
facilitate computer data processing, and to allow re-
cording of a complete representation of the important
features of each asbestos structure. The procedure
requires that the microscopist classify each primary
fibrous structure into one of the four fundamental
categories: fibres, bundles, clusters and matrices.

C.4.2 Fibres

On the structure counting form, a fibre as defined in
C.2.1 shall be recorded by the designation "F". If the
fibre is a separately-counted part of a cluster or ma-
trix, the fibre shall be recorded by the designation
"CF", or "MF", depending on whether it is a compo-
nent of a cluster or matrix.

C.4.3 Bundles

On the structure counting form, a bundle as defined
in C.2.2 shall be recorded by the designation "B". If
the bundle is a separately-counted part of a cluster or
matrix, the bundle shall be recorded by the desig-
nation "CB", or "MB", depending on whether it is a
component of a cluster or matrix.

C.4.4 Disperse clusters (type D)

On the structure counting form, an isolated cluster of
type D as defined in C.2.3 shall be recorded by the
designation "CD", followed by a two-digit number.
The first digit represents the analyst's estimate of the
total number of fibres and bundles comprising the
structure. The digit shall be from 1 to 9, or designated
as "+" if there are estimated to be more than 9
component fibres or bundles. The second digit shall
represent, in the same manner, the total number of
fibres and bundles longer than 5 jim contained in the
structure. The overall dimensions of the cluster, in
two perpendicular directions representing the maxi-
mum dimensions, shall be recorded. In order of de-
creasing length, up to 5 component fibres or bundles
shall be separately recorded, using the codes "CF"
(cluster fibre) and "CB" {cluster bundle). If, after ac-
counting for prominent component fibres and bun-
dles, a group of clustered fibres remains, this shall be
recorded by the designation "CR" (cluster residual).
If the remaining clustered fibres are present as more
than one localized group, it may be necessary to re-
cord more than one cluster residual. Do not record
more than 5 cluster residuals for any cluster. A cluster
residual shall be measured and assigned a two-digit

number, derived in the same manner as specified for
the overall cluster. Optionally, if the number of com-
ponent fibres and bundles in either the original cluster
or the cluster residual is outside the range 1 - 9, ad-
ditional information concerning the number of com-
ponent fibres and bundles may be noted in the
"comments" column.

C.4.5 Compact clusters (type C)

On the structure counting form, an isolated cluster of
type C as defined in C.2.3 shall be recorded by the
designation "CC", followed by a two-digit number.
The two-digit number describing the numbers of
component fibres and bundles shall be assigned in the
same manner as for clusters of type D. The overall
dimensions of the cluster in two perpendicular di-
rections shall be recorded in the same manner as for
clusters of type D. By definition, the constitutent fi-
bres and bundles of compact clusters cannot be sep-
arately measured; therefore, no separate tabulation
of component fibres or bundles can be made.

C.4.6 Disperse matrices (type D)

On the structure counting form, an isolated matrix of
type D as defined in C.2.4 shall be recorded by the
designation "MD", followed by a two-digit number.
The two-digit number shall be assigned in the same
manner as for clusters of type D. The overall dimen-
sions of the matrix in two perpendicular directions
shall be recorded in the same manner as for clusters
of type D. In order of decreasing length, up to 5
component fibres or bundles shall be separately re-
corded, using the codes "MF" (matrix fibre) and
"MB" (matrix bundle). If after accounting for promi-
nent component fibres and bundles, matrix material
containing asbestos fibres remains, this shall be re-
corded by the designation "MR" (matrix residual). If
the remaining matrix fibres are present as more than
one localized group, it may be necessary to record
more than one matrix residual. Do not record more
than 5 matrix residuals for any matrix. A matrix re-
sidual shall be measured and assigned a two-digit
number, derived in the same manner as specified for
the overall matrix. Optionally, if the number of com-
ponent fibres or bundles in either the original matrix
or the matrix residual is outside the range 1-9, ad-
ditional information concerning the number of com-
ponent fibres and bundles may be noted in the
"comments" column.

C.4.7 Compact matrices (type C)

On the structure counting form, an isolated matrix of
type C as defined in C.2.4 shall be recorded by the
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designation "MC", followed by a two-digit number.
The two-digit number shall be assigned in the same
manner as for clusters of type D. The overall dimen-
sions of the matrix in two perpendicular directions
shall be recorded in the same manner as for clusters
of type D. By definition, the constituent fibres and
bundles of compact matrices cannot be separately
measured; therefore, no separate tabulation of com-
ponent fibres or bundles can be made.

0.4.8 Procedure for recording of partially
obscured fibres and bundles

The proportion of the length of a fibre or bundle that
is obscured by other particulates shall be used as the
basis for determining whether a fibre or bundle is to
be recorded as a separate component or is to be
considered as a part of a matrix of type C or part of
a matrix residual. If the obscured length could not
possibly be more than one-third of the total length,
the fibre or bundle shall be considered a prominent
feature to be separately recorded. The assigned
length for each such partially obscured fibre or bundle
shall be equal to the visible length plus the maximum
possible contribution from the obscured portion. Fi-
bres or bundles which appear to cross the matrix, and
for which both ends can be located approximately,
shall be included in the maximum of 5 and recorded
according to the counting criteria as separate fibres
or bundles. If the obscured length could be more than
one third of the total length, the fibre or bundle shall

be considered as a part of a compact matrix of type
C or part of a matrix residual.

C.5 Special considerations for counting
of PCM equivalent structures

Use 3/1 as the minimum aspect ratio for counting of
PCM equivalent structures. This aspect ratio definition
is required in order to achieve comparability of the
results for this size range of structure with historical
optical measurements, but use of this aspect ratio
definition does not significantly affect the ability to
interpret the whole fibre size distribution in terms of
a minimum 5/1 aspect ratio. Some applications may
require that a count be made of PCM .equivalent
structures only. The coding system permits discrimi-
nation between PCM equivalent structures that con-
tain fibres and bundles longer than 5 urn and those
that do not.

NOTE 16 In general, clusters and matrices will yield
fewer components as the minimum dimensions specified
for countable fibres are increased. Thus, it may be found
that a particular structure yields a higher number of com-
ponent fibres and bundles in a count for all fibre sizes than
it does at a reduced magnification when only fibres and
bundles longer than 5 nm are being counted. However, the
requirement that component fibres and bundles be recorded
in decreasing length order ensures that the data are con-
sistent for a particular structure, regardless of the size cat-
egory of fibres being counted and the magnification in use.
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Annex D
(normative)

Fibre identification procedure

D.I General

The criteria used for identification of asbestos fibres
may be selected depending on the intended use of
the measurements. In some circumstances, there can
be a requirement that fibres shall be unequivocally
identified as a specific mineral species. In other cir-
cumstances, there can be sufficient knowledge about
the sample, so that rigorous identification of each fi-
bre need not be carried out. The time required to
perform the analysis, and therefore the cost of analy-
sis, can vary widely depending on the identification
criteria considered which are to be sufficiently defini-
tive. The combination of criteria considered definitive
for identification of fibres in a particular analysis shall
be specified before the analysis is made, and this
combination of criteria shall be referred to as the
"level" of analysis. Various factors related to instru-
mental limitations and the character of the sample
may prevent satisfaction of all of the specified fibre
identification criteria for a particular fibre. Therefore,
a record shall be made of the identification criteria
which were satisfied for each suspected asbestos fi-
bre included in the analysis. For example, if both ED
and EDXA were specified to be attempted for defini-
tive identification of each fibre, fibres with chrysolite
morphology which, for some reason, do not give an
ED pattern but which do yield an EDXA spectrum
corresponding to chrysotile, are categorized in a way
which conveys the level of confidence to be placed in
the identification.

D.2 ED and EDXA techniques

D.2.1 General

Initially, fibres are classified into two categories on the
basis of morphology: those fibres with tubular
morphology, and those fibres without tubular
morphology. Further analysis of each fibre is con-
ducted using ED and EDXA methods. The following
procedures should be used when fibres are examined
by ED and EDXA.

The crystal structures of some mineral fibres, such as
chrysotile, are easily damaged by the high current
densities required for EDXA examination. Therefore,

investigation of these sensitive fibres by ED should
be completed before attempts are made to obtain
EDXA spectra from the fibres. When more stable fi-
bres, such as the amphiboles, are examined, EDXA
and ED may be used in either order.

D.2.2 ED techniques

The ED technique can be either qualitative or quanti-
tative. Qualitative ED consists of visual examination,
without detailed measurement, of the general char-
acteristics of the ED pattern obtained on the T(:M
viewing screen from a randomly oriented fibre. ED
patterns obtained from fibres with cylindrical symme-
try, such as chrysotile, do not change when the fibres
are tilted about their axes, and patterns from randomly
oriented fibres of these minerals can be interpreted
quantitatively. For fibres which do not have cylindrical
symmetry, only those ED patterns obtained when the
fibre is oriented with a principal crystallographic axis
closely parallel with the incident electron beam direc-
tion can be interpreted quantitatively. This type of ED
pattern shall be referred to as a "zone-axis ED
pattern". In order to interpret a zone-axis ED pattern
quantitatively, it shall be recorded photographically
and its consistency with known mineral structures
shall be checked. A computer program may be used
to compare measurements of the zone-axis ED pat-
tern with corresponding data calculated from known
mineral structures. The zone-axis ED pattern obtained
by examination of a fibre in a particular orientation can
be insufficiently specific to permit unequivocal iden-
tification of the mineral fibre, but is is often possible
to tilt the fibre to another angle and to record a dif-
ferent ED pattern corresponding to another zone-axis.
The angle between the two zone-axes can also be
checked for consistency with the structure of a sus-
pected mineral.

For visual examination of the ED pattern, the camera
length of the TEM should be set to a low value of
approximately 250 mm and the ED pattern should
then be viewed through the binoculars. This proce-
dure minimizes the possible degradation of the fibre
by the electron irradiation. However, the pattern is
distorted by the tilt angle of the viewing screen. A
camera length of at least 2 m should be used when
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the ED pattern is recorded, if accurate measurement
of the pattern is to be possible. It is necessary that,
when obtaining an ED pattern to be evaluated visually
or to be recorded, the sample height shall be properly
adjusted to the eucentric point and the image shall be
focussed in the plane of the selected area aperture.
If this is not done, there may be some components
of the ED pattern which do not originate from the
selected area. In general, it will be necessary to use
the smallest available ED aperture.

For accurate measurements of the ED pattern, an
internal calibration standard shall be used. A thin
coating of gold, or another suitable calibration mate-
rial, shall be applied to the underside of the TEM
specimen. This coating may be applied either by vac-
uum evaporation or, more conveniently, by sputtering.
The polycrystalline gold film yields diffraction rings on
every ED pattern and these rings provide the required
calibration information.

To form an ED pattern, move the image of the fibre
to the centre of the viewing screen, adjust the height
of the specimen to the eucentric position, and insert
a suitable selected area aperture into the electron
beam so that the fibre, or a portion of it, occupies a
large proportion of the illuminated area. The size of
the aperture and the portion of the fibre shall be such
that particles other than the one to be examined are
excluded from the selected area. Observe the ED
pattern through the binoculars. During the observa-
tion, the objective lens current should be adjusted to
the point where the most complete ED pattern is ob-
tained. If an incomplete ED pattern is still obtained,
move the particle around within the selected area to
attempt to optimize the ED pattern, or to eliminate
possible interferences from neighbouring particles.

If a zone-axis ED analysis is to be attempted on the
fibre, the sample shall be mounted in the appropriate
holder. The most convenient holder allows complete
rotation of the specimen grid and tilting of the grid
about a single axis. Rotate the sample until the fibre
image indicates that the fibre is oriented with its
length coincident with the tilt axis of the goniometer,
and adjust the sample height until the fibre is at the
eucentric position. Tilt the fibre until an ED appears
which is a symmetrical, two dimensional array of
spots. The recognition of zone-axis alignment condi-
tions requires some experience on the part of the
operator. During tilting of the fibre to obtain zone-axis
conditions, the manner in which the intensities of the
spots vary should be observed. If weak reflections

occur at some points on a matrix of strong reflections,
the possibility of twinning or multiple diffraction ex-
ists, and some caution should be exercised in the se-
lection of diffraction spots for measurement and
interpretation. A full discussion of electron diffraction
and multiple diffraction can be found in the references
by J.A. Card [H] P.B. Hirsch et a/Hfland H.R. Wenck
[42] included in annex J. Not all zone-axis patterns
which can be obtained are definitive. Only those
which have closely spaced reflections corresponding
to low indices in at least one direction should be re-
corded. Patterns in which all d-spacings are less than
about 0,3 nm are not definitive. A useful guideline is
that the lowest angle reflections should be within the
radius of the first gold diffraction ring (111), and that
patterns with smaller distances between reflections
are usually the most definitive.

Five spots, closest to the centre spot, along two
intersecting lines of the zone-axis pattern shall be se-
lected for measurement, as shown in figure D.I. The
distances of these spots from the centre spot and the
four angles shown provide the required data for anal-
ysis. Since the centre spot is usually very overex-
posed, it does not provide a well-defined origin for
these measurements. The required distances shall
therefore be obtained by measuring between pairs of
spots symmetrically disposed about the centre spot,
preferably separated by several repeat distances. The
distances shall be measured with a precision of better
than 0,3 mm, and the angles to a precision of better
than 2,5°. The diameter of the first or second ring of
the calibration pattern (111 and 200) shall also be
measured with a precision of better than 0,3 mm.

Using gold as the calibration material, the radius-
based camera constant is given by

1L = 0,117 7AD mm-nm (first ring)

KL = 0,101 97D mm-nm (second ring)

D.2.3 EDXA measurements

Interpretation of the EDXA spectrum may be either
qualitative or quantitative. For qualitative interpretation
of a spectrum, the X-ray peaks originating from the
elements in the fibre are recorded. For quantitative
interpretation, the net peak areas, after background
subtraction, are obtained for the X-ray peaks originat-
ing from the elements in the fibre. This method pro-
vides quantitative interpretation for those minerals
which contain silicon.
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Spot3
Spot 2

Spot 4

SpotS

Figure D.1 — Example of measurement of zone-axis SAED patterns

To obtain an EDXA spectrum, move the image of the
fibre to the centre of the screen and remove the ob-
jective aperture. Select an appropriate electron beam
diameter and deflect the beam so that it impinges on
the fibre. Depending on the instrumentation, it may
be necessary to tilt the specimen towards the X-ray
detector and, in some instruments, to use the Scan-
ning Transmission Electron Microscopy (STEM) mode
of operation.

The time for acquisition of a suitable spectrum varies
with the fibre diameter, and also with instrumental
factors. For quantitative interpretation, spectra should
have a statistically valid number of counts in each
peak. Analyses of small diameter fibres which contain
sodium are the most critical, since it is in the low en-
ergy range that the X-ray detector is least sensitive.
Consequently, it is necessary to acquire a spectrum
for a period that is sufficiently long for the sodium to
be detected in such fibres. It has been found that
satisfactory quantitative an analyses can be obtained
if acquisition is continued until the background sub-
tracted silicon K<t peak integral exceeds 10000
counts. The spectrum should then be manipulated to
subtract the background and to obtain the net areas
of the elemental peaks.

After quantitative EDXA classification of some fibres
by computer analysis of the net peak areas, it may be
possible to classify further fibres in the same sample

on the basis of comparison of spectra at the
intrument. Frequently, visual comparisons can be
made after somewhat shorter acquisition times.

D.3 Interpretation of fibre analysis data

D.3.1 Chrysotile

The morphological structure of chrysotile is charac-
teristic, and with experience, can be recognized read-
ily. However, a few holder minerals have a similar
appearance, and morphological observation by itself
is inadequate for most samples. The ED pattern ob-
tained from chrysotile is quite specific for this mineral
if the specified characteristics of the pattern corre-
spond to those from reference chrysotile. However,
depending on the past history of the fibre, and on a
number of other factors, the crystal structure of a
particular fibre may be damaged, and it may not yield
and ED pattern. In this case, the EDXA spectrum may
be the only data available to supplement the
morphological observations.

D.3.2 Amphiboles

Since the fibre identification procedure for asbestos
fibres other than chrysotile can be involved and time-
consuming, computer programmes, such as that de-
veloped by B.L. Rhoades (see annex J, reference
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[32]), are recommended for interpretation of zone-
axis ED patterns. The published literature contains
composition and crystallographic data for all of the
fibrous minerals likely to be encountered in TEM
analysis of air samples, and the compositional and
structural data from the unknown fibre should be
compared with the published data. Demonstration
that the measurements are consistent with the data
for a particular test mineral does not uniquely identify
the unknown, since the possibility exists that data
from other minerals may also be consistent. It is,
however, unlikely that a mineral of another structural
class could yield data consistent with that from an
amphibole fibre identified by quantitative EDXA and
two zone-axis ED patterns.

Suspected amphibole fibres should be classified ini-
tially on the basis of chemical composition. Either
qualitative or quantitative EDXA information may be
used as the basis for this classification. From the
published data on mineral compositions, a list of min-
erals which are consistent in composition with that
measured for the unknown fibre should be compiled.
To proceed further, it is necessary to obtain the first
zone-axis ED pattern, according to D.2.2.

It is possible to specify a particular zone-axis pattern
for identification of amphibole, since a few patterns
are often considered to be characteristic. Unfortu-
nately, for a fibre with random orientation on a TEM
grid, no specimen holder and goniometer currently
available will permit convenient and rapid location of
two preselected zone-axes. The most practical ap-
proach has been adopted, which is to accept those
low index patterns which are easily obtained, and then
to test their consistency with the structures of the
minerals already preselected on the basis of the EDXA
data. Even the structures of non-amphibole minerals
in this preselected list shall be tested against the
zone-axis data obtained for the unknown fibre, since
non-amphibole minerals in some orientations may
yield similar patterns consistent with amphibole
structures.

The zone-axis ED interpretation shall include all min-
erals previously selected from the mineral data file as
being chemically compatible with the EDXA data. This
procedure will usually shorten the list of minerals for
which solutions have been found. A second set of
zone-axis data from another pattern obtained on the

same fibre can then be processed, either as further
confirmation of the identification, or to attempt elim-
ination of an ambiguity. In addition, the angle meas-
ured between the orientations of the two zone-axes
can be checked for consistency with the structures
of the minerals. Caution should be exercised in ratio-
nalizing the inter-zone-axis angle, since if the fibre
contains c-axis twinning, the two zone-axis ED pat-
terns may originate from the separate twin crystals.
In practice, the full identification procedure will
normally be applied to very few fibres, unless precise
identification of all fibres is required for a particular
reason.

D.4 Fibre classification categories

It is not always possible to proceed to a definitive
identification of a fibre; this may be due to instru-
mental limitations or to the actual nature of the fibre.
In many analyses, a definitive identification of each
fibre may not actually be necessary if there is other
knowledge available about the sample, or if the con-
centration is below a level of interest. The analytical
procedure shall therefore take into account both in-
strumental limitations and varied analytical require-
ments. Accordingly, a system for fibre classification is
used to permit accurate recording of data. The classi-
fications are shown in tables D.1 and D.2, and are di-
rected towards identification of chrysotile and
amphibole respectively. Fibres shall be reported in
these categories.

The general principle to be followed in this analytical
procedure is first to define the most specific fibre
classification which is to be attempted, or the
"level" of analysis to be conducted. Then, for each
fibre examined, record the classification which is ac-
tually achieved. Depending on the intended use of the
results, criteria for acceptance of fibres as
"identified" can then be established at any time after
completion of the analysis.

In an unknown sample, chrysotile will be regarded as
confirmed only if a recorded, calibrated ED pattern
from one fibre in the CD categories is obtained, or if
measurements of the ED pattern are recorded at the
instrument. Amphibole will be regarded as confirmed
only by obtaining recorded data which indicates ex-
clusively the presence of amphiboles for fibres clas-
sified in the AZQ, AZZ or AZZQ categories.
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Table D.I — Classification of fibres with tubular morphology

Category Description

TM

CM

CD

CQ

CMO

CDQ

NAM

Tubular Morphology, not sufficiently characteristic for classification as chrysotile

Characteristic Chrysotile Morphology

Chrysotile SAED pattern

Chrysotile composition by Quantitative EDXA

Chrysotile Morphology and composition by Quantitative EDXA

Chrysotile SAED pattern and composition by Quantitative EDXA

Non-Asbestos Mineral

Table D.2 — Classification of fibres without tubular morphology

Category Description

UF

AD

AX

ADX

AQ

AZ

ADQ

AZQ

AZZ

AZZQ

NAM

Unidentified Fibre

Amphibole by random orientation SAED (shows layer pattern of 0.53 nm spacing)

Amphibole by qualitative EDXA. Spectrum has elemental components consistent with amphibole

Amphibole by random orientation SAED and qualitative EDXA

Amphibole by Quantitative EDXA

Amphibole by one Zone-axis SAED pattern

Amphibole by random orientation SAED and Quantitative EDXA

Amphibole by one Zone-axis SAED pattern and Quantitative EDXA

Amphibole by two Zone-axis SAED patterns, with consistent interaxial angle

Amphibole by two Zone-axis SAED patterns, with consistent interaxial angle, and Quantitative EDXA

Non-Asbestos Mineral

D.4.1 Procedure for classification of fibres
with tubular morphology suspected to be
chrysotile

Occasionally, fibres are encountered which have tu-
bular morphology similar to that of chrysotile, but
which cannot be characterized further either by ED
or EDXA. They may be non-crystalline, in which case
ED techniques are not useful, or they may be in a
position on the grid which does not permit an EDXA
spectrum to be obtained. Alternatively, the fibre may
be of organic origin, but the morphology and compo-
sition may not be sufficiently definitive enough to be
disregarded. Accordingly, there is a requirement to
record each fibre, and to specify how confidently each
fibre can be identified. Classification of fibres will

meet with various degrees of success. Figure D.2
shows the classification procedure to be used for fi-
bres which display any tubular morphology. The chart
is self explanatory, and every fibre is either rejected
as a non-asbestos mineral (NAM), or classified in
some way which by some later criterion could still
contribute to the chrysotile fibre count.

Morphology is the first consideration, and if this is not
similar to that usually seen in chrysotile standard
samples, designate the initial classification as TM.
Regardless of the doubtful morphology, examine the
fibre by ED and EDXA methods according to
figure D.2. Where the morphology is more definitive,
it may be possible to classify the fibre as having
chrysotile morphology (CM).
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FIBRE WITH TUBULAR MORPHOLOGY

Is fibre morphology characteristic of that
displayed by reference chrysotile?

NO

TM

YES

Examine by SAED

Pattern not
chrysotile

NAM

Chrysotile
pattern

Pattern not present
or indistinct

Examine by quantitative EDXA

Composition not that
of chrysotile

NAM

Chrysotils
composition

] [
No spectrum

I

TM coj

Examine by SAED

Chrysotile
pattern

CD

Pattern not
chrysotile

NAM

Pattern not present
or indistinct

CM

Examine by quantitative EDXA

Chrysotile
composition

Composition not that
of chrysotile

No spectrum

CMO CM

Examine by quantitative EDXA

Composition not that
of chrysotile

Chrysotile
composition

No spectrum
_L_
CD

NAM

Rgure D.2 — Classification chart for fibre with tubular morphology
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For classification as CM, the morphological character-
istics required are the following:

a) the individual fibrils should have high aspect ratios
exceeding 5/1, and be about 30 nm to 40 nm in
diameter;

b) the electron scattering power of the fibre at
60 kV to TOO W accelerating potential should be
sufficiently low for the internal structure to be
visible;

c) there should be some evidence of an internal
structure suggesting a tubular appearance similar
to that shown by reference UICC chrysotile,
which may degrade in the electron beam.

Examine every fibre having these morphological char-
acteristics by the ED technique, and classify as
chrysotile by ED (CD) only those which give diffraction
patterns with the precise characteristics shown in
figure D.3. The relevant features in this pattern for
identification of chrysotile are as follows:

a) the (002) reflections should be examined to de-
termine that they correspond closely to a spacing
of 0,73 nm;

b) the layer line repeat distance should correspond
to 0,53 nm;

c) there should be "streaking" of the (110) and (130)
reflections.

Rgure D.3 — Chrysotile SAED pattern

Using the millimetre calibrations on the TEM viewing
screen, these observations can readily be made at the
instrument. If documentary proof of fibre identification
is required, record a TEM micrograph of at least one
representative fibre, and record its ED pattern on a
separate film or plate. This film or plate shall also carry
calibration rings from a known polycrystalline sub-
stance such as gold. This calibrated pattern is the only
documentary proof that the particular fibre is
chrysotile, and not some other tubular or scrolled
species such as halloysite, palygorskite, talc or
vermiculite. The proportion of fibres which can be
successfully identified as chrysotile by ED is variable,
and to some extent dependent on both the instru-
ment and the procedures of the operator. The fibres
that fail to yield an identifiable ED pattern will remain
in the TM or CM categories unless they are examined
by EDXA.

In the EDXA analysis of chrysotile there are only two
elements which are relevant. For fibre classification,
the EDXA analysis shall be quantitative. If the spec-
trum displays prominent peaks from magnesium and
silicon, with their areas in the appropriate ratio, and
with only minor peaks from other elements, classify
the fibre as chrysotile by quantitative EDXA, in the
categories CQ, CMQ, or CDQ, as appropriate.

D.4.2 Procedure for classification of fibres
without tubular morphology, suspected to be
amphibole

Every particle without tubular morphology and which
is not obviously of biological origin, with an aspect
ratio of 5/1 or greater, and having parallel or stepped
sides, shall be considered as a suspected amphibole
fibre. Further examination of the fibre by ED and
EDXA techniques will meet with a variable degree of
success, depending on the nature of the fibre and on
a number of instrumental limitations. It will not be
possible to identify every fibre completely, even if
time and cost are of no concern. Moreover, confir-
mation of the presence of amphibole can be achieved
only by quantitative interpretation of zone-axis ED
patterns, a very time-consuming procedure. Accord-
ingly, for routine samples from unknown sources, this
analytical procedure limits the requirement for zone-
axis ED work to a minimum of one fibre represen-
tative of each compositional class reported. In some
samples, it may be necessary to identify more fibres
by the zone-axis technique. When analysing samples
from well-characterized sources, the cost of identifi-
cation by zone-axis methods may not be justified.

The 0,53 nm layer spacing of the random orientation
ED pattern is not by itself diagnostic for amphibole,
However, the presence of c-axis twinning in many fi-

39



ISO 10312:1995(E) olSO

bres leads to" contributions to the layers in the pat-
terns by several individual parallel crystals of different
axial orientations. This apparently random positioning
of the spots along the layer lines, if also associated
with a high fibre aspect ratio, is a characteristic of
amphibole asbestos, and thus has some limited diag-
nostic value. If a pattern of this type is not obtained,
the identity of the fibre is still ambiguous, since the
absence of a recognizable pattern may be a conse-
quence of an unsuitable orientation relative to the
electron beam, or the fibre may be some other min-
eral species.

Figure D.4 shows the fibre classification chart to be
used for suspected amphibole fibres. This chart
shows all the classification paths possible in analysis
of a suspected amphibole fibre, when examined sys-
tematically by ED and EDXA. Two routes are possible,
depending on whether an attempt to obtain an EDXA
spectrum or a random orientation ED pattern is made
.first. The normal procedure for analysis of a sample
of unknown origin will be to examine the fibre by
random orientation ED, qualitative EDXA, quantitative
EDXA, and zone-axis ED, in this sequence. The final
fibre classification assigned will be defined either by
successful analysis at the maximum required level,

or by the instrumental limitations. Any instrumental
limitations which affect the quality of the results shall
be noted. Record the maximum classification
achieved for each fibre on the counting sheet in the
appropriate column. The various classification catego-
ries can then be combined later in any desired way for
calculation of the fibre concentration. The complete
record of the results obtained when attempting to
identify each fibre can also be used to re-assess the
data if necessary.

In the unknown sample, zone-axis analysis will be re-
quired if the presence of amphibole is to be
unequivocally confirmed. For this level of anarysis, at-
tempt to raise the classification of every suspected
amphibole fibre to the ADQ category by inspection of
the random orientation ED pattern and the EDXA
spectrum. In addition, examine at least one fibre from
each type of suspected amphibole found by zone-axis
methods to confirm their identification. In most cases,
because information exists about possible sources of
asbestos in close proximity to the air sampling lo-
cation, some degree of ambiguity of identification can
be accepted. Lower levels of analysis can therefore
be accepted for these situations.
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FIBRE WITHOUT TUBULAR MORPHOLOGY
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Figure D.4 — Classification chart for fibre without tubular morphology
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Annex E
(normative)

Determination of the concentrations of asbestos fibres and bundles longer
than 5 pirn, and PCM equivalent asbestos fibres

In order to provide increased statistical precision and
improved analytical sensitivity for those asbestos fi-
bres and bundles longer than 5 unx it may be decided
to perform additional fibre counting at a lower magni-
fication, taking account only into fibres and bundles
within this dimensional range. The result shall be
specified as "number of asbestos fibres and bundles
longer than 5 nm". For this examination, use a mag-
nification of approximately x 10 000, and continue to
assign a morphological code to each structure ac-
cording to the procedures specified in annex C. Re-
cord fibres and bundles only if their lengths exceed
5 (im. Record cluster and matrix components only if
their lengths exceed 5 (im.

It may also be decided to provide increased statistical
precision and improved analytical sensitivity for
fibrous structures longer than 5 urn, with diameters
between 0,2 nm and 3,0 nm, which have historically
been the basis of risk estimation in the occupational
environment (PCM equivalent asbestos fibres). Use a
magnification of approximately x 5 000 for this ex-
tended fibre count. The result shall be specified as
"number of PCM equivalent asbestos fibres".
Asbestos structures within this dimensional range do
not necessarily incorporate asbestos fibres or bundles
longer than 5 \am.

Continue the extended sample examination until 100
asbestos structures have been counted, or until a
sufficient area of the specimen has been examined to
achieve the desired analytical sensitivity calculated
according to tablel. The grid openings examined shall
be divided approximately equally between a minimum
of two specimen grids.

NOTES

17 The specimen area corresponding to the area of filter
examined in the PCM fibre counting methods is
0,785 mm2, and is equivalent to approximately 100 grid
openings of a 200 mesh grid.

18 Some National Standards require that asbestos fibres
longer than 2,5 |im. with diameters between 0.2 nm and
3,0 \im be counted. Use a magnification of x 5 000 for
counting fibres within these dimensional ranges.

19 The minimum aspect ratio for definition of a fibre in
PCM fibre counting methods and in some National Stan-
dards is 3/1. Use of a 3/1 aspect ratio is permitted in this
International Standard, if this aspect ratio is mentioned in
the test report.

The test reports shall include all of the items listed in
clause 11.
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Annex F
(normative)

Calculation of results

F.1 General

The results should be calculated using the procedures
specified below. The results can be conveniently cal-
culated using a computer programme.

F.2 Test for uniformity of distribution of
fibrous structures on TEM grids

A chek shall be made using the chi-square test, to
determine whether the asbestos structures found on
individual grid openings are randomly and uniformly
distributed among the grid openings. If the total
number found in k grid openings is n. and the areas
of the k individual frid openings are designated A} to
Ak. then the total area of TEM specimen examined is

The fraction of the total area examined which is rep-
resented by the individual grid opening area. />,, is
given by /tyA. If the structures are randomly and uni-
formly dispersed over the k grid openings examined,
the expected number of structures falling in one grid
opening with area A] is npt. If the observed number of
structures found on that grid opening is n-,, then

X2 = V^ ("r

This value shall be compared with significance points
of the chi-square distribution, having (k- 1) degrees
of freedom. Significance levels lower than 0,1 % may
be cause for the sample analysis to be rejected, since
this correspond to a very inhomogeneous deposit. If
the structure count fails this test, the precision of the
result will be uncertain, and if new air samples cannot
be collected, additional grid openings may be exam-
ined or the sample may be prepared by an indirect
method.

F.3 Calculation of the analytical
sensitivity

Calculate the required analytical sensitivity S. ex-
pressed in number of structures per litre, using the
following equation:

kAgV

where

k

V

is the area, in square millimetres, of sam-
ple collection filter;

is the area, in square millimetres, of TEM
specimen grid opening;

is the number of grid openings examined;

is the volume of air sampled, in litres.

F.4 Calculation of the mean and
confidence interval of the structure
concentration

In the structure count made according to this Inter-
national Standard, a number of grid openings have
been sampled from a population of grid openings, and
it is required to determine the mean grid opening
structure count for the population on the basis of this
small sample. The interval about the sample mean
which, with 95 % confidence, contains the population
mean, is also required.

F.4.1 Calculation of the mean structure
concentration

Calculate the mean structure concentration C, ex-
pressed in number of structures per litre, using the
following equation:
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where

S is the analytical sensitivity, expressed in
number of structures per litre;

is the total number of structures found on
all grid openings examined.

F.4.2 Calculation of confidence intervals

The distribution of structures on the grid openings
should theoretically approximate to a Poisson distri-
bution. Because of fibre aggregation and size-
dependent identification effects, the actual structure
counting data often does not conform to the Poisson
distribution, particularly at high structure counts. An
assumption that the structure counting data are dis-
tributed according to the Poisson distribution can
therefore lead to confidence intervals narrower than
are justified by the data. Moreover, if the Poisson
distribution is assumed, the variance is related only to
the total number of structures counted. Thus, a par-
ticular structure count conducted on one grid opening
is considered to have the same confidence interval as
that for the same number of structures found on
many grid openings. However, the area of sample
actually counted is very small in relation to the total
area of the filter, and for this reason, structures shall
be counted on a minimum of four grid openings taken
from different areas of the filter in order to ensure that
a representative evaluation of the deposit is made.

At high structure counts, where there are adequate
numbers of structures per grid opening to allow a
sample estimate of the variance to be made, the
distribution can be approximated to a Gaussian, with
independent values for the mean and variance. Where
the sample estimate of variance exceeds that implicit
in the Poissonian assumption, use of Gaussian statis-
tics with the variance defined by the actual data is the
most conservative approach to calculation of confi-
dence intervals.

At low structure counts, it is not possible to obtain a
reliable sample estimate of the variance, and the
distribution also becomes asymmetric but not neces-
sarily Poissonian. For 30 structures and below, the
distribution becomes asymmetric enough for the fit
to a Gaussian to no longer be a reasonable one, and
estimates of sample variance are unreliable. Accord-
ingly, for counts below 31 structures, the assumption
of a Poisson distribution shall be made for calculation
of the confidence intervals.

F.4.3 Example of calculation of Poissonian
95 % confidence intervals

For total structure counts less than 4, the lower
95 % confidence limit corresponds to less than 1
structure. Therefore, it is not meaningful to quote
lower confidence interval points for structure counts
of less than 4, and the result shall be recorded as
"less than" the corresponding one-sided upper 95 %
confidence limit of the Poisson distribution, as fol-
lows:

0 structure = 2,99 times the analytical sensitivity

1 structure = 4,74 times the analytical sensitivity

2 structures = 6,30 times the analytical sensitivity

3 structures = 7,75 times the analytical sensitivity

For total counts exceeding 4, the 95 % confidence
interval shall be calculated using the values shown in
table F.1. Table F.1 gives the upper and lower limits
of the two-sided Poissonian 95 % confidence interval
for structure counts up to 470.

F.4.4 Example of calculation of Gaussian
95 % confidence intervals

Calculate the sample estimate of variance j2 using the
following equation:

where

Pi

is the number of structures on the ith grid
opening;

is the total number of structures found in
* grid openings;

is the fraction of the total area examined
represented by the ith grid opening;

is the number of grid openings examined.

If the mean value of the structure count is calculated
to be n, the upper and lower values of the Gaussian
95 % confidence interval are given respectively by

, _ n , ts

and

44



OISO ISO 10312:1995(E)

IS

where

A, is the upper 95 % confidence limit;

is the lower 95 % confidence limit;

is the total number of structures in all grid
openings examined;

is the value of Student's test (probability
0,975) for (k - 1) degrees of freedom;

is the standard deviation (square root of
sample estimate of variance);

is the number of grid openings examined.

F.4.5 Summary of procedure for calculation
of results

In summary, structure counting data shall be calcu-
lated as follows:

No structures detected

The structure concentration shall be reported as
less than the concentration equivalent ot the one-
sided upper 95 % confidence limit of the Poisson
distribution. This is equal to 2,99 times the analyt-
ical sensitivity.

From 1 to 3 structures

When 1 to 3 structures are counted, the result
shall be reported as less than the corresponding
one-sided upper 95 % confidence limit for the
Poisson distribution. These are

1 structure = 4,74 times the analytical sensi-
tivity

2 structures = 6,30 times the analytical sensi-
tivity

3 structures = 7.75 times the analytical sensi-
tivity

From 4 to 30 structures

The mean structure concentration and the 95 %
confidence intervals shall be reported on the basis
of the Poissonian assumption, using the values
shown in table F.1.

More than 30 structures

When more 30 structures are counted, both the
Gaussian 95 % confidence interval and the
Poissonian 95 % confidence interval shall be cal-
culated. The larger of these two intervals shall be
used to express the precision of the structure
concentration. When the Gaussian 95 % confi-
dence interval is selected for data reporting, the
Poissonian 95 % confidence interval shall also be
mentioned.

F.5 Calculation of structure length,
width, and aspect ratio distributions

The distributions all approximate to logarithmic-
normal, and therefore the size range intervals for cal-
culation of the distribution shall be spaced
logarithmically. The other characteristics required for
the choice of size intervals are that they should allow
for a sufficient number of size classes, while still re-
taining a statistically valid number of structures in
each class. Interpretation is also facilitated if each size
class repeats at 10 intervals, and if 5 jim is a size class
boundary. A ratio from one class to the next of 1,468
satisfies all of these requirements and this value shall
be used. The distributions, being approximately
logarithmic-normal, when presented graphically, shall
be plotted using a logarithmic ordinate scale and a
Gaussian abscissa.

F.5.1 Calculation of structure length
cumulative number distribution

This distribution allows the fraction of the total num-
ber of structures either shorter or longer than a given
length to be determined. It is calculated using the
following equation:

where

C(P)t is the cumulative number percentage of
structures which have lengths less than
the upper bound of the Jfeth class;

n, is the number of structures in the ith
length class;

P is the total number of length classes.

45



ISO 10312:1995(E) olSO

F.5.2 Calculation of structure width
cumulative number distribution

This distribution allows the fraction of the total num-
ber of structures either narrower or wider than a given
width to be determined. It is calculated in a similar
way to that used in F.5.1, but using the structure
widths.

F.5.3 Calculation of structure aspect ratio
cumulative number distribution

This distribution allows the fraction of the total num-
ber of structures which have aspect ratios either
smaller or larger than a given aspect ratio to be de-
termined. It is calculated in a similar way to that used
in F.5.1, but using the structure aspect ratios.

Table F.1 — Upper and lower limits of the Poissonian 95 % confidence interval of a count

Structure
count

0
1
2
3
4

-5
6
7
8
9
10
11
12
13
14

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Lower limit

0
0.025
0,242
0,619
1,090
1.624
2,202
2.814
3,454
4,115
4.795
5,491
6,201
6,922
7.654
8,396
9,146
9,904
10,668
11,440
12.217
13.00

13,788
14,581
15,378
16.178
16.983
17.793
18.606
19,422
20,241
21,063
21,888
22,715
23,545
24,378
25,213
26,050
26,890
27,732
28,575
29,421
30.269
31,119
31.970
32,823

Upper limit

3,689"
5,572
7.225
8,767
10,242
11,669
13,060
14,423
15,764
17.085
18,391
19,683
20.962
22.231
23.490
24.741
25.983
27.219
28,448
29,671
30.889
32,101
33.309
34,512
35,711
36,905
38,097
39,284
40,468
41,649
42,827
44,002
45,175
46,345
47,512
48,677
49,840
51,000
52.158
53.315
54,469
55.622
56.772
57,921
59.068
60.214

Structure
count

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

Lower limit

33.678
34,534
35,392
36,251
37,112
37,973
38,837
39,701
40,567
41.433
42,301
43,171
44.041
44.912
45,785
46,658
47,533
48.409
49.286
50,164
51.042
51,922
52,803
53,685
54,567
55,451
56,335
57,220
58,106
58,993
59,880
60.768
61,657
62,547
63.437
64,328
65,219
66,111
67,003
67,897
68,790
69.684
70.579
71.474
72,370
73,267

Upper limit

61,358
62,501
63.642
64,781
65,919
67,056
68,192
69,326
70,459
71.591
72.721
73.851
74.979
76.106
77.232
78.357
79.482
80.605
81.727
82,848
83.969
85.088
86,207
87.324
88.441
89,557
90,673
91.787
92,901
94.014
95.126
96.237
97,348
98,458
99,567
100,68
101,79
102,90
104,00
105,11
106,21
107,32
108,42
109,53
110.63
111.73

Structure
count

92
93
94
95
96
97
98
99
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470

Lower limit

74.164
75,061
75,959
76,858
77.757
78.657
79,557
80,458
81,360
90,400
99,490
108,61
117,77
126,96
136.17
145,41
154,66
163,94
173,24
182,56
191,89
201.24
210.60
219.97
229,36
238,75
248,16
257,58
267,01
276,45
285,90
295,36
304,82
314.29
323,77
333.26
342,75
352,25
361.76
371.27
380.79
390.32
399.85
409,38
418,92
428,47

Upper limit

112.83
113.94
115.04
116.14
117,24
118.34
119,44
120,53
121,66
132,61
143,52
154,39
165,23
176.04
186,83
197.59
208.33
219,05
229.75
240.43
251,10
261,75
272.39
283,01
293,62
304,23
314.82
325.39
335,96
346.52
357,08
367.62
378,15
388,68
399,20
409,71
420.22
430,72
441,21
451,69
462.18
472,65
483,12
493,58
504.04
514,50

1 ) The one-sided upper 95 % confidence limit for 0 structures is 2,99.
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Annex G
(informative)

Strategies for collection of air samples

G.1 General

An important part of the sampling strategy is a state-
ment of the purpose of the sampling programme. A
sufficient number of samples should be collected so
that the site is well characterized to the precision and
accuracy desired, and also ensure that sample filters
appropriately loaded for TEM analysis are obtained
from all of the sampling locations.

G.2 Air sample collection in the
outdoors environment

Weather conditions restrict the ability to collect satis-
factory air samples in the outdoors environment, and
whenever possible, sampling should be carried out in
low-wind, low-humidity conditions. Detailed records
of the weather conditions, windspeed and direction
during the sampling period should be made. All avail-
able information concerning local topography, and the
types and positions of sources should be recorded.

Sequential multipoint sampling is necessary to pro-
vide adequate characterization of complex sites and
sources. It is recommended that multiple samples are
taken upwind and downwind of the site, with a mini-

mum of two samples in the downwind position ex-
pected to experience the maximum airborne
concentration. The locations of the samplers should
be carefully recorded.

G.3 Air sample collection inside
buildings

Air samples are often collected inside buildings in
which asbestos-containing construction materials are
present, in order to determine whether these materi-
als contribute to the asbestos fibre concentration in
the building atmosphere. The optimum positions for
collection of air samples can only be determined after
a complete survey of the building to establish air
movement patterns. Multiple samples should be col-
lected in the area where asbestos building materials
are present, and control samples should be collected
in an adjacent area where no airborne asbestos fibres
would be expected. The intakes for air conditioning
systems are frequently used as the collection lo-
cations for control samples. Whenever possible, static
samples should be taken over a period exceeding
4 h during normal activity in the building, at face ve-
locities of between 4 cm/s and 25 cm/s.
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Annex H
(informative)

Methods for removal of gypsum fibres

It is common to find fibres of calcium sulfate
(gypsum) in airborne participates collected in buildings
and urban environments, and particularly in samples
collected where demolition or construction work is in
progress. The fibres are readily released when plas-
ters and cement products are disturbed. In some cir-
cumstances, particles of calcite or dolomite collected
on an air filter can react with atmospheric sulfur diox-
ide, to form long fibres of gypsum. Gypsum fibres can
give rise to high fibre counts by both optical and
electron microscopy. The gypsum fibres are often
2 urn to 6 nm long, with aspect ratios greater than
10/1. Sometimes, these fibres appear similar to
amphibole asbestos fibres, and in some samples they
can be morphologically very similar to chrysotile. In
the TEM, the larger fibres have high contrast and at
high magnification often exhibit a characteristic
mottled appearance which changes under electron
beam irradiation. Some gypsum fibres, however, are
not easily discriminated from asbestos without ex-
amination by EDXA. TEM specimens which contain
many such gypsum fibres require an extended exam-
ination time in the TEM, because it is necessary to

examine each of these fibres by EDXA before it can
be rejected.

It is possible to remove gypsum fibres selectively by
water extraction. A Jaffe washer (7.3.7), or a
condensation washer (7.3.8), should be prepared, but
using a water (6.1) as the solvent. The TEM speci-
mens, which have been previously prepared and ini-
tially examined in the TEM, should be placed in the
washer to allow dissolution of the fibres. If a Jaffe
washer is used, the treatment time can be reduced
by heating the washer to 90 °C to 100 "C for a few
minutes. If a condensation washer is used, the
gypsum fibres will be dissolved by treatment for ap-
proximately 10 min. The effect of this treatment is to
remove the gypsum fibres, leaving carbon replicas
(7.3.11) which are readily distinguished from asbestos
fibres.

NOTE 20 This procedure should be used only when ex-
amination of the untreated TEM specimen grids shows the
gypsum fibres to be isolated from any asbestos fibres
present. Losses of asbestos fibres may occur if matrices
of gypsum and asbestos are exposed to this procedure.
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Annex J
(informative)
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with ISO, also take part in the work. ISO collaborates closely with the' International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/I EC Directives, Part 3.

Draft International Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

International Standard ISO 13794 was prepared by Technical Committee ISO/TC 146, Air quality. Subcommittee
SC 3, Ambient atmospheres.

Annexes A to H form a normative part of this International Standard. Annex I is for information only.
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Introduction

This International Standard is applicable to the measurement of airborne asbestos in a wide range of ambient air
situations, including the interior atmospheres of buildings, and for detailed evaluation of any atmosphere in which
asbestos fibres are likely to be present. Because the best available medical evidence indicates that the numerical
fibre concentration and the fibre size and type are the relevant parameters for evaluation of the inhaJation hazards,
a fibre counting and measuring technique is the only logical approach. Most fibres in ambient atmospheres are not
asbestos, and therefore there is a requirement for fibres to be identified. Many airborne asbestos fibres in ambient
atmospheres have diameters below the resolution limit of the optical microscope. This International Standard is
based on transmission electron microscopy, which has adequate resolution to allow detection of small fibres and is
currently the only technique capable of unequivocal identification of the majority of individual fibres of asbestos. The
fibres found suspended in an ambient atmosphere can often be identified unequivocally, if sufficient measurement
effort is expended. However, if each fibre were to be identified in this way, the analysis becomes prohibitively
expensive. Because of instrumental deficiencies or because of the nature of the particulate, some fibres cannot be
positively identified as asbestos, even though the measurements all indicate that they could be asbestos. Subjective
and instrumental factors therefore contribute to this measurement, and consequently a very precise definition of the
procedure for identification and enumeration of asbestos fibres is required.

In addition to single fibres and bundles, asbestos is often found in air samples as very complex, aggregated
structures which may or may not be also aggregated with other particles. The number of asbestos fibres and
bundles incorporated in these complex structures often exceeds the number of isolated fibres and bundles
observed, and many of them may be completely obscured in direct-transfer TEM preparations. The method defined
in this International Standard incorporates specimen preparation procedures that result in selective concentration of
asbestos fibres, and removal of organic and water-soluble materials. These procedures have the effect of
dispersing the majority of the complex clusters and aggregates of fibres into their component-fibres and bundles so
.that the asbestos in the air sample can be more accurately quantified. All of the feasible specimen preparation
techniques result in some modification of the airborne particulate. Even the collection of particles from a
three-dimensional airborne dispersion on to a two-dimensional filter surface can be considered a modification of the
particulate, and some of the particles in most samples are modified by the specimen preparation procedures.
Although this method results in dispersal of complex clusters and aggregates, it minimizes other effects on the size
distribution of fibres and fibre bundles.

This International Standard is necessarily complex, because the instrumental techniques used are complex, and
also because a very detailed and logical procedure must be specified to reduce the subjective aspects of the
measurement. The method of data recording specified in this International Standard is designed to allow
re-evaluation of the fibre counting data as new medical evidence becomes available.

This International Standard describes the method of analysis for a single air filter. However, one of the largest
potential errors in characterizing asbestos in ambient atmospheres is associated with the variability between filter
samples. For this reason, it is necessary to design a replicate sampling scheme in order to determine the standard's
accuracy and precision.

Comparison of results obtained using this indirect-transfer procedure with those from the direct-transfer procedure
may not be done a priori. A site-specific intercomparison study must be done which takes into account ?he fibre size
and type of asbestos, and also the nature of the source of the airborne asbestos.
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Ambient air — Determination of asbestos fibres — Indirect-
transfer transmission electron microscopy method

1 Scope

1.1 Substance determined

This International Standard specifies a reference method using transmission electron microscopy. (TEM) for
determination of the concentration of asbestos structures in ambient atmospheres. The specimen preparation
procedure incorporates ashing and dispersion of the collected participate, so that all asbestos is measured,
including the asbestos originally incorporated in particle aggregates or particles of composite materials. The lengths,
widths and aspect ratios of the asbestos fibres and bundles are measured, and these, together with the density of
the type of asbestos, also allow the total mass concentration of airborne asbestos to be calculated. The method
allows determination of the type(s) of asbestos fibre present. The method cannot discriminate between individual
fibres of the asbestos and non-asbestos analogues of the same amphibole mineral.

1.2 Type of sample ' .

The method is defined for polycarbonate capillary-pore filters or cellulose ester (either mixed esters of cellulose or
cellulose nitrate) filters through which a known volume of air has been drawn. Trie method is suitable for
determination of asbestos in both exterior and building atmospheres.

1.3 Range

The upper limit for the range of concentration that can be measured on the analytical filter is 7 000 structures/mm?.
The lower limit of the range that can be measured on the analytical filter corresponds to detection of 2,99 structures
in the area of specimen examined. The air concentrations represented by these values are a function of the volume
of air sampled and the degree of dilution or concentration selected during the specimen preparation procedures.
The method is particularly applicable for measurements in areas with high suspended-particulate concentrations
(exceeding 10 pg/m3). or where detection and identification of asbestos fibres are likely to be prevented or hindered
by other types of paniculate in direct-transfer TEM preparations. In theory, there is no lower limit to the dimensions
of asbestos fibres which can be detected. In practice, microscopists vary in their ability to detect very small
asbestos fibres. Therefore, a minimum length of 0,5 pm has been defined as the shortest fibre to be incorporated in
the reported results. .

1.4 Limit of detection

The limit of detection theoretically can be lowered indefinitely by filtration of progressively larger volumes of air.
concentrating the sample during specimen preparation, and by extending the examination of the specimens in the
electron microscope. In practice, the lowest achievable limit of detection for a particular area of TEM specimen
examined is controlled by the total suspended particulate concentration remaining after the ashing and aqueous
dispersal steps, and this depends on the chemical nature of the suspended particulate. For total suspended
particulate concentrations of approximately 10 pg/rrP, corresponding to clean, rural atmospheres, and assuming
filtration of 4 000 litres of air. an analytical sensitivity of 0.5 structure/litre can be oUdthed, equivalent to a limit of
detection of 1.8 structures/litre, if an area of 0,195mm2 of the TEM specimens is examined. Lower limits of
detection can be achieved by increasing the area of the TEM specimen that is examined, or by concentration of the
sample during specimen preparation. In order to achieve lower limits of detection for fibres and bundles longer than
5 urn. and for PCM-equivalent fibres, lower magnifications are specified which permit more rapid examination of
larger areas of the TEM specimens when the examination is limited to these dimensions of fibre.
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2 Terms and definitions

For the purposes of this International Standard, the following terms and definitions apply.

2.1
acicular . . - , . . . ' .
shape shown by an extremely slender crystal with cross-sectional dimensions which are small relative to its length,
i.e. needle-like

2.2
amphibole
group of rock-forming ferromagnesium silicate minerals, closely related in crystal form and composition, and having
the nominal formula:

where

A is K. Na

B isFe2+,Mn, Mg, Ca, Na .

C isAI. Cr. Ti. FeS+.Mg, Fe2+

T isSi, AJ. Cr, Fe3+,Ti

NOTE In some varieties of amphibole, these elements can be partially substituted by Li. Pb. or Zn. Amphibole is
characterized by a cross-linked double chain of Si-O tetrahedra with a silicon:oxygen ratio of 4:11, by columnar or fibrous
prismatic crystals and by good prismatic cleavage in two directions parallel to the crystal faces and intersecting at angles of
about 56' and 124'.

2.3
amphibole asbestos
amphibole in an asbestiform habit

2.4
analytical filter
filter through which an aqueous dispersion of ash from the sample collection filter is passed, and from which TEM
specimen grids are prepared

2.5
analytical sensitivity . . . . . . . • • • • • . •
calculated airborne asbestos structure concentration, equivalent to counting of one asbestos structure in the
analysis

NOTE 1 It is expressed in structures/litre.

NOTE 2 The method given in this International Standard does not specify an analytical sensitivity.

2.6 • . • ; . ' . . ' , ; v ' . . , - . . -
asbestiform
specific type of mineral fibrosity in which the fibres and. fibrils possess high tensile strength and flexibility

2 . 7 ' • ' " - . ' . ' ' ' , ' ' . . ' . ' ' .
asbestos ' . .
term applied to 'a group of silicate minerals belonging to the serpentine and amphibole groups which nave
crystallized in the asbestiform habit, causing them to be easily separated into long, thin, flexible, strong fibres when
crushed or processed

NOTE The Chemical Abstracts Service-Registry Numbers of the most common asbestos varieties are: chrysolite
(12001-29-5). crocidolite (12001-28-4), grunerite asbestos (Amosite) (12172-73-5), anthophyllite asbestos (77536-67-5),
tremolite asbestos (77536-68-6) and actinolite asbestos (77536-66-4).
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2.8
asbestos structure
term applied to an individual asbestos fibre, or any connected or overlapping grouping of asbestos fibres or bundles,
with or without other particles

2.9
ashed filter blank
fibre count made on TEM specimens prepared by trie indirect procedure from a blank membrane filter of the type
used for collection of air samples

2.10 '
aspect ratio
ratio of length to width of a particle

2.11
blank
structure count made on TEM specimens prepared from an unused filter in order to determine the background
measurement

2.12
camera length
equivalent projection length between the specimen and its electron diffraction pattern, in the absence of lens action

2.13
chrysolite
fibrous mineral of the serpentine group which has the nominal composition

Mg3Si2O5(OH)4

NOTE Most natural chrysotile deviates little from this nominal composition. In some varieties of chrysotile. minor
substitution of silicon by A|3+ may occur. Minor substitution of magnesium by A|3+, Fe2+, Fe3*. NiZ+. Mn2+ and Co2+ may
also be present. Chrysotile is the most prevalent type of asbestos.

2.14
cleavage . .
breaking of a mineral along one of its crystallographic directions

2.15
cleavage fragment .
fragment of a crystal that is bounded by cleavage faces .

2.16
cluster
structure in which two or more fibres, or fibre bundles, are randomly oriented in a connected grouping

2.17
direct-transfer blank
structure count made on TEM specimens prepared by the direct-transfer procedure from a blank filter of the type
used for filtration of aqueous dispersions of ash

2.18
d-spacing
distance between identical adjacent and parallel planes of atoms in a crystal

2.19,
electron diffraction
technique in electron microscopy by which the crystal structure of a specimen is examined

2.20
electron scattering power
extent to which a thin layer of substance scatters impinging electrons from their original directions
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2.21
empty beaker blank
fibre count made on TEM specimens prepared by the indirect procedure, using an empty beaker as the initial
sample

2.22
energy-dispersive X-ray analysis
EDXA
measurement of the energies and intensities of X-rays by use of a solid-state detector and multichannel analyzer
system

2.23
eucentric
condition in which the area of interest of an object is placed on a tilting axis, at the intersection of the electron beam
with that axis, and is in the plane of focus

2.24
field blank
filter cassette which has been taken to the sampling site, opened and then closed, and the filter subsequently used
to determine the background structure count for the measurement

2.25
fibril
single fibre of asbestos which cannot be further separated longitudinally into smaller components without losing its
fibrous properties or appearances

2.26
fibre
elongated particle which has parallel or stepped sides

NOTE For the purposes of this International Standard, a fibre is defined to have an aspect ratio equal to or greater than 5:1
and a minimum length of 0,5 um.

2.27
fibre bundle
structure composed of parallel, smaller-diameter fibres attached along their lengths

NOTE A fibre bundle may exhibit diverging fibres at one or both ends.

2.28
fibrous structure '
fibre, or connected grouping of fibres, with or without other particles

2.29
funnel blank
structure count made on TEM specimens prepared by the direct-transfer method from a filter used for filtration
of a sample of distilled water

2.30
habit
characteristic crystal growth form, or combination of these forms, of a mineral/including characteristic irregularities

2.31
limit of detection
calculated airborne asbestos structure concentration, equivalent to counting of 2,99 asbestos structures in the
analysis

NOTE It is expressed in structures/litre.
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2.32 .
matrix
structure in which one or more fibres, or fibre bundles, touch, are attached to or partially concealed by. a single
particle or connected group of nonfibrous particles

2.33
Miller index
set of either three or four integer numbers used to specify the orientation of a crystallographic plane in relation to the
crystal axes

2.34
PCM-equivalent fibre
fibre of aspect ratio greater than or equal to 3:1. longer than 5 urn, and which has a diameter between 0.2 urn and
3,0pm .

NOTE For the purposes of this International Standard. PCM is the abbreviated term for phase-contrast optical microscopy.

2.35
PCM-equivalent structure •
fibrous structure of aspect ratio greater than or equal to 3:1, longer than 5 urn, and which has a diameter between
0,2 pm and 3,0 pm •

NOTE For the purposes of this International Standard,' PCM is the abbreviated term for phase-contrast optical microscopy.

2.36
primary structure
fibrous structure that is a separate entity in the TEM image

2.37
replication
procedure in electron microscopy specimen preparation in which a thin copy, or replica, of a surface is made

2.38
selected area electron diffraction
technique in electron microscopy in which the crystal structure of a small area of a sample is examined

2.39
serpentine . . . .
group of common rock-forming minerals having the nominal formula

Mg3Si2O5(OH)4 . . .

2.40
structure
single fibre, fibre bundle, cluster or matrix '. . •

'2.41 ' ' ' • • • • - . • • . . . • ' • : " ' . ' ' • ' '
twinning

' occurrence of crystals of the same species joined together at a particular mutual orientation, and such that the
relative orientations are related by a definite law .

2.42
unopened fibre
large diameter asbestos fibre bundle which has not been separated :"UiJts constituent fibrils or fibres

2.43
zone-axis
line or crystallographic direction through the centre of a crystal which is parallel to the intersection edges of the
crystal faces defining the crystal zone
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3 Abbreviated terms

DMF Dimethylformamide

ED Electron diffraction

EDXA Energy dispersive X-ray analysis . . . . . .

FWHM Full width, half maximum

HEPA High efficiency particle absolute

MEC Mixed esters of cellulose •

PC Polycarbonate

PCM Phase-contrast optical microscopy

SAED Selected area electron diffraction

SEM Scanning electron microscope

STEM Scanning transmission electron microscope

TEM Transmission electron microscope

UICC Union Internationale Contre le Cancer

4 Principle

A sample of airborne paniculate is collected by drawing a measured volume of air through either a capillary-pore
polycarbonate (PC) membrane filter of maximum pore size 0,4pm or a cellulose ester (either mixed esters of
cellulose or cellulose nitrate) membrane filter of maximum pore size 0,8 urn by means of a battery-powered or
mains-powered pump. A portion of the filter is ashed in an oxygen plasma, and the residual .ash is dispersed in
distilled water with adjustment of the pH to between 3,0 and 4,0 using acetic acid. Analytical filters are then
prepared by filtration of known volumes of this aqueous dispersion through either capillary-pore PC membrane
filters of maximum pore size 0,2 um or cellulose ester membrane filters of maximum pore size 0,22 pm.

TEM specimens are prepared from PC analytical filters by applying a thin film of carbon to the filter surface by
vacuum evaporation. Small areas are cut from the carbon-coated filter, supported on TEM specimen grids, and the
filter medium is dissolved away by a solvent extraction procedure. This procedure leaves a thin film of carbon which
bridges the openings in the TEM specimen grid, and which supports each particle from the original filter in its
original position. •

Cellulose ester analytical filters are chemically treated to collapse the pore structure of the filter, and the surface of
the collapsed filter is then etched in an oxygen plasma to ensure that all particles are exposed. A thin film of carbon
is evaporated onto the filter surface and small areas are cut from the filter. These sections are supported on TEM
specimen grids and the filter medium is dissolved away by a solvent extraction procedure.

The TEM specimen grids from either preparation method are examined at both low and high magnifications to
check that they are suitable for analysis before carrying out a quantitative fibre count on randomly-selected grid
openings. If the selected TEM specimen grid has too high a paniculate or fibre loading, another specimen grid with
a lower filtered aliquot shall be selected for analysis. In. the TEM.analysis, electron diffracbon (ED) is used to
examine the crystal structure of a fibre, and its elemental composition is determined by energynaispersive X-ray
analysis (EDXA). For a number of reasons, it is not possible to identify each fibre unequivocally, and fibres are
classified according to the techniques which have been used to identify them. A simple code is used to record, for
each fibre, the manner in which it was classified. The fibre classification procedure is based on successive
inspection of the morphology, the selected area ED pattern, and the qualitative and quantitative EDXAs.
Confirmation of the identification of chrysotile is only by quantitative ED, and confirmation of amphibole is only by
quantitative EDXA and quantitative zone-axis ED.
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In addition to isolated fibres, ambient air samples often contain more complex aggregates of fibres, with or without
other particles. Some particles are composites of asbestos fibres with other materials. Individual fibres and these
more complex structures are referred to as "asbestos structures". The indirect specimen preparation procedure
permits the majority of these complex structures to be dispersed into their constituent fibres and fibre bundles,
allowing more precise quantification than is possible using the direct-transfer procedure.

A coding system is used to record the type of fibrous structure, and also to provide the optimum morphological
description of each structure. The two codes remove from the microscopist the requirement to interpret the fibre
counting data, and allow this evaluation to be made later without the requirement for re-examination of the TEM
specimens. Several levels of analysis are specified, the higher levels providing a more rigorous approach to the
identification of fibres. The procedure permits a minimum required fibre identification criterion to be defined on the
basis of previous knowledge, or lack of it, about the particular sample. Attempts are then made to achieve this
minimum criterion for each fibre, and the degree of success is recorded for each fibre. The lengths and widths of all
classified structures are recorded.

The number of asbestos structures found on a known area of the microscope sample, together with the volume of
air filtered through the sample collection filter, the proportion of the sample collection filter that was ashed, the
proportion of the aqueous dispersion that was filtered, and the area of the analytical filter are used to calculate the
airborne concentration of asbestos, expressed in asbestos structures/litre of air. The mass concentration of
asbestos is calculated using an assumed density for the asbestos variety, and the widths and lengths of the fibres.

5 Apparatus

5.1 Air sampling . .

5.1.1 Filter cassette, for sample collection.

Field monitors, comprising 25 mm to 50 mm diameter three-piece cassettes with cowls which project less than 2 cm
in front of the filter surface, shall be used for sample collection. The cassette shall be loaded with either a capillary
pore PC filter of maximum pore size 0,4 urn or a cellulose ester [mixed esters of cellulose (MEC) or cellulose nitrate]
filter of maximum pore size 0,8 um. When the filter is in position, a shrink cellulose band or adhesive tape shall be
applied to prevent air leakage. Suitable precautions shall be taken to ensure that the filters are tightly clamped in the
assembly so that significant air leakage around the filter cannot occur.

Representative filters from the filter lot shall be analyzed as described in 8.8 for the presence of asbestos
structures, and also tested for suitability as described in annex H, before any are used for air sample collection.

NOTE This method permits the use of larger pore size cellulose ester filters for sample collection than the maximum pore
size permitted in the direct-transfer method in ISO 10312. The smaller maximum pore size is specified in ISO 10312 in order to
ensure that collected paniculate and fibres are retained close to the surface of the filter, which is required if the paniculate and
fibres are to be transferred to the TEM grid with high efficiency by trie direct-transfer procedure. In this indirectrtransfer method,
the depth of penetration of paniculate and fibres into the filter medium during sample collection is unimportant, provided that
they do not pass through the filter.

5.1.2 Sampling pump, capable of-a flow/rate sufficient to achieve the desired analytical sensitivity. The face
velocity through the filter shall be between 4.0 cm/s and 70 cm/s. The sampling pump used shall provide a
nonfluctuating air flow through the filter, and shall maintain the initial volume flowrate to within ± 10 % throughout the
sampling period. A constant-flow or critical-orifice controlled pump meets these requirements. Flexible tubing shall
be used to connect the filter cassette to the sampling pump. A means for calibration of the flowrate of each pump is
also required.

NOTE The sampling efficiency for a particular panicle size varies with the face velocity. Depending on the size distribution
of the airborne particles, the analytical result may vary with face velocity.

5.1.3 Stand, to hold the filter cassette at the desired height for sampling, isolated from the vibrations of the pump.

5.1.4 Variable area flowmeter, calibrated, with a range suitable for determination of the selected flowrate as
required for calibration of the air sampling system.
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5.2 Specimen preparation laboratory

Asbestos, particularly chrysolite, is present in varying quantities in many laboratory reagents. Many building
materials also contain significant amounts of asbestos or other mineral fibres which may interfere with the analysis if
they are inadvertently introduced during preparation of specimens. It is most important to ensure that during
preparation, contamination of TEM specimens by any extraneous asbestos fibres is minimized. All specimen
preparation steps-shall therefore be performed in an environment where contamination of the sample is minimized.
The. primary requirement of the sample preparation laboratory is that a blank determination shall yield a result which
will meet the requirements specified in 8.8. A minimum • facility considered suitable for preparation of TEM
specimens is a positive pressure, laminar flow hood. However, it has been established that work practices in
specimen preparation appear to be more* important than the type of clean handling facilities in use. Preparation of
samples shall be carried out only after acceptable blank values have been demonstrated.

NOTE It is recommended that activities involving manipulation of bulk asbestos samples not be performed in the same
area as TEM specimen preparation, because of the possibilities of contaminating the TEM specimens.

5.3 Equipment for analysis

5.3.1 Transmission electron microscope, operating at an accelerating potential of 80 kV to 120 kV. with a
resolution better than 1,0 nm, and a magnification range of approximately 300x to 100 000x shall be used. The
ability to obtain a direct screen magnification of about 100 000x is necessary for inspection of fibre morphology; this
magnification may be obtained by supplementary optical enlargement of the screen image with a binocular if it
cannot be obtained directly. The viewing screen shall be calibrated (such as shown in Figure 1) with concentric
circles and a millimetre scale such inat the lengths and widths of fibre images down to 1 mm width can be
measured in increments of 1 mm.

For Bragg angles less than 0,01 rad the TEM shall be capable of performing ED from an area of 0,6 urn2 or less,
selected from an in-focus image at a screen magnification of 20 000x. This performance requirement defines the
minimum separation between particles at which independent ED patterns can be obtained from each particle. If :

SAED is used, the performance of an individual instrument may normally be calculated using the following
relationship:

• 0,7854(— + 2000 Cs • 63}
\M )

where

A is the effective SAED area, expressed in square micrometres (pm2):

D is the diameter of the SAED aperture, expressed in micrometres;

M is the magnification of the objective lens;

Cs is the spherical aberration coefficient of the objective lens, expressed in millimetres;

9 is the maximum required Bragg angle, expressed in radians.

It is not possible to reduce the effective SAED area indefinitely by .the use of progressively smaller SAED apertures,
because there is a fundamental limitation imposed by the spherical aberration coefficient of the objective lens.

If zone-axis ED analyses are to be performed, the TEM shall incorporate a goniometer stage which permits the TEM
specimen to be either:

a) rotated through 360°, combined with tilting through at least +30° to -30* about an axis in the plane of the
specimen; or,

b) tilted through at least + 30' to - 30° about two perpendicular axes in the plane of the specimen.
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Figure 1 — Example of calibration markings on TEM viewing screen

The analysis is greatly facilitated if the goniometer permits eucentric tilting, although this is not essential. If EOXA
and zone-axis ED are required oh the same fibre, the goniometer shall, be of a type which permits tilting of the
specimen and acquisition of EDXA spectra without change of specimen holder.

The TEM shall have an illumination and condenser lens system capable of forming an electron probe smaller than
250 nm in diameter. . . . -

NOTE Use of an anticontamination trap around the specimen is recommended if the required instrumental performance is
to be obtained.' . . •

5.3.2 Energy-dispersive X-ray analyzer, capable of achieving a resolution better than 160 eV (FWHM) on the
MnKa peak. Since the performance of individual combinations of TEM and EDXA equipment is. dependent on a
number of geometrical factors, the required performance of the combination of the TEM and X-ray analyzer is
specified in terms of the measured X-ray intensity' oolained from a fibre of small diameter, using a known electron-
beam diameter. Solid-state X-ray detectors are least sensitive in the low energy region, and so measurement of
sodium in crocidolite shall be the performance criterion. The combination, of electron microscope and X-ray analyzer
shall yield, under routine analytical conditions, a background-subtracted NaKa integrated peak count rate of more
than 1 count per second (cps) from a fibre of UICC crocidolite 50 nm in diameter or smaller when irradiated by an
electron probe of 250 nm diameter or smaller at an accelerating potential of 80 kV. The peak/background ratio for
this performance test shall exceed 1,0.
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The EDXA unit shall provide the means for subtraction of the background, identification of element peaks, and
calculation of background-subtracted peak areas.

5.3.3 Computer.

Many repetitive numerical calculations are necessary, and these may be performed conveniently by relatively
simple computer programs. For analyses of zone-axis ED pattern measurements, a computer with adequate
memory is required to accommodate the more complex programs involved.

5.3.4 Plasma asher, with a radio frequency power rating of 50 W or higher, for ashing of sample collection filters
and for preparation of TEM specimens from MEC filters. The asher shall be supplied with a controlled oxygen flow,
and shall be modified, if necessary, to provide a valve to control the speed of air admission so that rapid air
admission does not disturb the particulate.

NOTE It is recommended that filters be fitted to the oxygen supply and the air admission line.

5.3.5 Vacuum coating unit, capable of producing a vacuum better than 0.013 Pa shall be used for vacuum
deposition of carbon on the membrane filters. A sample holder is required which will allow a glass microscope slide
to be continuously rotated during the coating procedure.

NOTE A mechanism which allows the rotating slide also to be tilted through an angle of approximately 45* during the
coating procedure is recommended. A liquid nitrogen cold trap above the diffusion pump may be used to minimize the
possibility of contamination of the filter surfaces by oil from the pumping system. The vacuum coating unit may also be used for
deposition of the thin film of gold, or other calibration material, when it is required on TEM specimens as an internal calibration
of ED patterns.

5.3.6 Sputter coater (optional), with a gold target, for deposition of. gold onto TEM specimens as an internal
calibration of ED patterns.

Other calibration materials are acceptable.

NOTE Experience has shown that a sputter coater allows better control of the thickness of the calibration material.

5.3.7 Beakers, of borosilicate glass, 50 ml capcity, as containers tor plasma ashing of sample collection filters.

5.3.8 Vacuum source, to provide a vacuum of at least 20 kPa for the filtration of aqueous dispersions. A water jet
pump is suitable.

5.3.9 Glass filtration apparatus, for the filtration of aqueous dispersions. This consists of a filtration base with a
porous support for the filter, a reservoir with vertical sides, a clamp to hold the reservoir to the filtration base, and a
vacuum flask or filtration manifold. A suitable apparatus is shown in Figure 2.

5.3.10 Solvent washer (Jaffe washer), to allow dissolution of the filter polymer while leaving an intact evaporated
carbon film supporting the fibres and other particles from the filter surface. One design of a washer which has been
found satisfactory for various solvents and filter media is shown in Figure 3.

In general, either chloroform or 1-melhyl-2-pyrrolidone is used for dissolving PC filters and dirnethylformamide or
acetone is used for dissolving cellulose ester filters. The higher evaporation rates of chloroform and acetone require
that a reservoir of 10 ml to 50ml of. solvent be-used,. which: may need replenishment during the procedure.
Dirnethylformamide and 1-methyl-2-pyrrolidone have lower vapour pressures, therefore much smaller volumes of
these solvents may be used. It is recommended that all washers be used in a fume hood, and when specimens are
not being inserted or removed, during the solvent dissolution the Petri dish lid shall be in place. The washer shall be
cleaned before it is used for each batch of specimens.

5.3.11 Condensation washer, for more rapid dissolution of the filter poly.ner, or if difficulties are experienced in
dissolving the filter polymer. The washer shall consist of a flask, condenser and cold-finger assembly, with a heating
mantle and means for controlling the temperature. A suitable assembly is shown in Figure 4, for use with either
acetone or chloroform as the solvent, depending on the type of filter.

5.3.12 Slide warmer or oven, for heating slides during the preparation of TEM specimens from cellulose ester
filters. It shall be capable of maintaining a temperature of 65 *C to 70 "C.

10
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Koy

1 Filtration reservoir
2 Clamp
3 Porous support

4 Filtration base
5 Vacuum source
6 . Vacuum flask

Figure 2 — Example of filtration apparatus

11
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NOTE

Key

1 Lens tissue 3 Electron microscope specimens
2 Glass Petri dish (100 mm x 15 mm) 4 Stainless steel mesh bridge (50 mesh)

Solvent is added until the meniscus contacts .the underside of the stainless steel mesh.

Figure 3 — Example of design of solvent washer (Jaffe washer)

Key

1 Flask
2 Specimens
3 Condenser
4 Water drain

'"iiaiiinii

8

5 Cold finger
6 Cold water source
7 Solvent
8 Thermostatically controlled heating mantle

Figure 4 — Design of condensation washer

12
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5.3.13 Ultrasonic bath, for aqueous dispersal of ash from sample- collection filters, and also for cleaning of
apparatus used for TEM specimen preparation. The power of the ultrasonic bath shall be sufficient to allow
absorption of energy into a 40 ml volume of water in a 50 ml glass beaker at a rate between 0,05 W/ml to 0.1 W/ml.
at a frequency of approximately 50 kHz.

5.3.14 Carbon-grating replica, with about 2 000 parallel lines per millimetre, to calibrate the magnification of the
TEM.

5.3.15 Calibration grids for EDXA, prepared from dispersions of calibration minerals, for calibration of the EDXA
system. Examples of suitable calibration minerals are riebeckite, chrysolite, halloysite. phlogopite, wollastonite and
bustamite. Prepare the rrvneral used for calibration of the EDXA system for sodium using a gold TEM grid.

5.3.16 Carbon rod sharpener.

NOTE The use of necked carbon rods, or equivalent, allows the carbon to be evaporated on to the filters with a minimum
of heating.

5.3.17 Disposable-tip micropipettes, capable of transferring a volume of approximately 50 pi for the pH
adjustment, and a volume of approximately 30 pi for the preparation of TEM specimen grids from cellulose ester
filters.

5.3.18 Thermometer, with a range from 0 °C to 100 °C, for calibration of the ultrasonic bath.

5.3.19 Stopwatch, for calibration of the ultrasonic bath. . . . .

5.4 Consumable supplies

5.4.1 Cellulose ester filters (either MEC or cellulose nitrate) filters of maximum pore size 0,22 urn and diameter
appropriate for the liquid filtration apparatus, for filtration of the aqueous suspension of residual ash.

5.4.2 Cellulose ester filters (either MEC or cellulose nitrate) of 5 urn pore size and diameter appropriate for the
liquid filtration apparatus, for use with the liquid filtration apparatus.

•5.4.3 Polycarbonate filters, of maximum pore size 0,2 pm and diameter appropriate for'the liquid filtration'
apparatus, for filtration of the aqueous suspension of residual ash.

5.4.4 Petri dishes, for storage of analytical filters prepared by filtration of the suspension of residual ash.

5.4.5 Copper electron-microscope grids.

Two hundred mesh TEM grids are recommended. Grids which have grid openings of uniform size such that they
meet the requirement of 8.7.2 shall be chosen. To facilitate the relocation of individual grid openings for quality
assurance purposes, the use of grids with numerical or alphabetical indexing of individual grid openings is
recommended. , .

5.4.6 Gold electron-microscope grids.

Two-hundred-mesh gold TEM grids are recommended to mount TEM specimens when sodium measurements are
required in the fibre identification procedure. Grids which have grid openings of uniform size such that they meet the
requirement of 8.7.2 shall be chosen. To facilitate the relocation of individual grid openings for quality assurance
purposes, the use of grids with numerical or alphabetical indexing of individual grid openings is recommended.

5.4.7 Aluminium foil, for covering beakers during the plasma ashing and ultrasonic treatment steps. Aluminium
foil of 0,015 mm to 0,020 mm thickness is suitable.

5.4.8 Carbon rod electrodes, spectrochemically pure, for use in the vacuum evaporator during carbon coating of
filters.

5.4.9 Routine electron microscopy tools and supplies, including fine-point tweezers, scalpel holders and
blades, microscope slides, double-sided adhesive tape, lens tissue, gold wire, tungsten filaments and other routine
supplies are required.

13
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5.4.10 Reference asbestos samples, for preparation of reference TEM specimens of the primary asbestos
minerals. The UICC set of minerals is suitable for this purpose.

6 Reagents

WARNING — Use the reagents in accordance with the appropriate health and safety regulations.

6.1 Fibre-free water, freshly distilled, or other source of fibre-free, pyrogen-free water shall be used.

6.2 Chloroform/analytical grade, distilled in glass [preserved with 1 % (volume fraction) ethanol).

6.3 1-Methyl-2-pyrrolidone, analytical grade.

6.4 1,2-Diaminoethane, analytical grade.

6.5 Dimethylformamide, analytical grade.

6.6 Glacial acetic acid, analytical grade.

6.7 Acetone, analytical grade.

7 Air sample collection

7 A Calculation of analytical sensitivity

The desired analytical sensitivity is a parameter that shall be established for the analysis prior to sample collection.
The analytical sensitivity is defined as that structure concentration corresponding to the detection of one structure in
the analysis. For indirect-transfer methods of TEM specimen preparation, it is a function of the volume of air
sampled, the active area of the collection filter, the area of the collection filter that is ashed, the proportion of the
aqueous dispersion of ash that is filtered, the area of the analytical filter, and the area of the TEM specimen over
which structures are counted. The number of grid openings, k, required to be examined to achieve a particular
analytical sensitivity is calculated using the formula:.

(S-Ag-V,-Fa-Ys)

where • . . . . .

Aa is the active area, expressed in square millimetres, of analytical filter;

Kd is the volume, expressed in millilitres, of water used for dispersal of residual ash;

5 is the analytical sensitivity, expressed in structures/litre:

Ag is the mean area of grid openings, expressed in square millimetres;

V\ is the volume, expressed in millilitres, of aqueous dispersion filtered;

Fa is the fraction of sample collection filter ashed;

Vs is the volume, expressed in litres, of air sampled.

Examples of the number of grid openings required to be examined, using various combinations of sampling and
analytical parameters, are shown in Table 1.

14
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Table 1 — Examples of minimum number of grid openings required to achieve a particular analytical
sensitivity and limit of detection

Analytical sensitivity

structures/litre

0,1

0.2

0.3

0,4

0,5 .

0,7

1.0

2.0

3.0

4.0

5.0

7.0

10

Limit of detection

structures/litre

0,3

0.6

0,9

1.2

1.5

2.1

3,0

6.0 -

9,0

12

15

21

30

Minimum number of grid openings

500

1297

649

433

325

260

186

130

65

44

33

26

19

13

1 000

649

325

217

163

130

93

65

33

22

17

13

10

7

Litre

2000

325

163

109

82

65

47

33

17

11

9

7

5

4

l of air sar

3000

217

109

73

55

44

31

22

11

8

6

5

4

4

npled

4000

163

82

55

41

33

24

17

9 .

6

5

4

4

4

5000

'1 30

65

44

33

26

19

13

7

5

4

4

4

4

10000

65

33

22

17

13

10

7

4

4

4

4

4

4

NOTE In Table 1. it is assumed that one half of the sample collection filter is ashed, the volume of water used to disperse the ash is
40 ml. the volume of aqueous dispersion filtered is 34 ml. the active area of the analytical filter is 199 mm?, and the TEM grid openings are
square with a linear dimension of 65 pm. The limit of detection is defined as the upper 95 % confidence limit of the Poisson distribution for a
count of zero structures. In the absence of background, this is equal to 2.99 times the analytical sensitivity. Non-zero backgrounds observed
during analysis of blank filters will degrade the limit of detection.

7.2 Sample collection procedure

Air samples shall be collected using cassettes as described in 5.1.1. During sampling, the filter cassette shall be
supported on a stand which is isolated from the vibrations of the pump. The cassette shall be held facing vertically
downwards at a height of approximately. 1,5m to 2,0 m above ground/floor level, and connected to the pump with a
flexible tube. Measure the sampling flowrate at the front end of-the cassette, both at the beginning and end of the
sampling period, using a calibrated variable-area flowmeter temporarily attached to the inlet of the cassette. The
mean value of these two measurements shall be used to calculate the total air volume sampled.

The variable area flowmeter shall be cleaned before use, to avoid transfer of fibre contamination from the flowmeter
to the sample being collected. '

Basic strategies for monitoring environmental sources of airborne asbestos are described in annex I. After
sampling, a cap shall be placed over the open end. of the cassette, and the cassette packed with the filter face-
upwards for return to the laboratory. Field blank filters shall also be included, as described in 8.8, and processed
through the remaining analytical procedures along with the samples.

8 Procedure for analysis

8.1 General

The procedures for ashing of sample collection filters, dispersion of the residual ash, and filtration of the aqueous
dispersion are identical for the two types of sample collection filter: The techniques used to prepare TEM specimens
from the analytical filters are different for PC and cellulose ester, filters. The preparation method to be used shall be

15
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that described in either 8.4 or 8.5. depending on the type of membrane filter used for filtration of the aqueous
dispersions. Cleaning of the sample cassettes before they are opened, preparation of the carbon evaporator,
criteria for acceptable specimen grids, and the requirement for blank determinations are identical for the two
preparation techniques. TEM examination, structure counting, fibre identification and reporting of results are
independent of the type of filter or preparation technique used.

The ability to meet the blank sample criteria is dependent on the cleanliness of equipment and supplies. Consider all
supplies, such as microscope slides and glassware, as potential sources of asbestos contamination. It is necessary
to wash all glassware before it is used. Wash any tools or glassware which come into contact with the air sampling
filters or TEM specimen preparations both before use, and between handling of individual samples. Where possible,
use disposable supplies. .

NOTE In order to ensure that all paniculate contamination and fibres are detached from glassware, it is recommended that
all surfaces be washed by rubbing vigorously with clean paper towel soaked in detergent, and rinsed several times under a
continuous flow of water. The glassware should then be rinsed at least twice using fibre-free water.

8.2 Cleaning of sample cassettes

Asbestos fibres can adhere to the exterior surfaces of air-sampling cassettes, and these fibres can be inadvertently
transferred to the sample during handling. To prevent this possibility of contamination, and after ensuring that the
cassette is tightly sealed, wipe the exterior surfaces of each sampling.cassette with wet paper .towel before it is
taken into the clean facility or laminar-flow hood.

8.3 Preparation of analytical filters

8.3.1 Selection of filter area for ashing

Depending on the analytical sensitivity to be achieved, ash either a quarter or a half of the sample collection filter.
Using freshly cleaned tweezers, remove the sample collection filter from the sampling cassette, and place it onto a
second cleaned glass microscope slide which is used as a cutting surface. Using a freshly-cleaned curved scalpel
blade, cut the required area of the filter by rocking the blade from the point, pressing it into contact with the filter.
Repeat the process as necessary.

8.3.2 Ashing of sample collection filters

Place the selected filter portion into a 50 ml borosilicate glass beaker, ensuring that the side of the filter with the
collected particulate faces downwards. Cover the beaker with a 6 cm x 6 cm square piece of aluminium foil of
thickness 0,015mm to 0,02mm, and bend the foil over the edges of the beaker so that it forms a tight seal.
Perforate the foil in 10 to 20 positions with a needle to allow for gas exchange during plasma ashing. Depending on
the size of the plasma asher chamber, several, sample filters may be ashed simultaneously. At least one empty
beaker, prepared in the same way, shall be placed in the asher chamber along with each batch of samples ashed.
Operate the plasma asher using the minimum power at which a glow discharge is observed, until the filters appear
to be completely ashed. Increase the plasma asher power to the maximum, and operate under these conditions for
a minimum period of 3 h. After the ashing treatment is completed, admit air to the chamber and remove the
beakers.

NOTE Losses of paniculate and fibres from the beaker will occur if the plasma asher is operated at excessive radio-
frequency power. During ashing of MEC or cellulose nitrate filters, a critical point is reached during the oxidation at which a
sudden, violent ignition occurs if the radio-frequency power,is excessive. This results,in loss of fibres from the beaker,
contamination of the interior surfaces of the chamber, and possible cross-contamination of the samples. The same
considerations apply to the ashing of PC filters. The ashing procedure specified avoids these problems. It is recommended that
the ashing of a blank filter be observed closely during the final stages of oxidation, in order to ensure that the radio-frequency
power setting is such that a sudden ignition does not occur.

8.3.3 Aqueous dispersal of residual ash from sample collection filters

Remove the aluminium foil from the top of the beaker. Using a disposable-tip pipette, add 50 ul of glacial acetic acid,
and then add 40 ml of freshly distilled water: Cover the beaker with a new 6 cm * 6 cm square piece of aluminium
foil, and bend the foil over the edges of the beaker so that it forms a tight seal/ Place the beaker into the ultrasonic
bath and operate the bath at the calibrated power (see annex B) for a period of 5 min.
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8.3 4 Assembly of system for filtration of aqueous dispersions

Filtration of the aqueous dispersions is a very critical procedure because it is important to obtain uniform deposits of
paniculate on the analytical filters. The following procedure shall be used.

a) Set up the filtration system and connect to a vacuum source;

..'̂  b) add freshly distilled water to the filtration unit base component until there is a raised meniscus;

c) place a 5 um pore size cellulose ester filter onto the water meniscus. The filter will centralize. Apply the vacuum
very briefly in order to bring the filter into contact with the base component;

"; d) add freshly distilled water to the top of the cellulose ester filter, and place the analytical filter (either a 0,2 urn
maximum pore size capillary-pore PC filter or a 0,22 pm maximum pore size cellulose ester filter) onto the
water surface. Apply the vacuum very briefly again in order to bring both filters into contact with the base
component;

e) install the filtration reservoir and clamp the assembly together.

'-'•'-- 8.3.5 Filtration of aqueous dispersions

Before filtering the aqueous dispersions, prepare a funnel blank by filtration of 40 mi of freshly distilled water.

The volume of the aqueous dispersion to be filtered depends on either the paniculate concentration or the asbestos
fiber concentration. The volume of aqueous dispersion required to produce an analytical filter with a suitable
paniculate or fiber loading for analysis often cannot be predicted, and it is usually necessary to prepare several
analytical filters corresponding to filtration of different aliquots. The aqueous dispersions are not stable, and
extended exposure of chrysotile to acidic environments causes leaching of magnesium to occur from the fibres; it is
therefore necessary to prepare all analytical filters immediately. Uniform deposits of paniculate on the analytical
filters cannot be assured if liquid volumes smaller than 5 ml are filtered using filtration systems of 199 mm2 active
area; accordingly, where it is required to filter volumes smaller than 5 ml. the aliquot shall be diluted with freshly
distilled water to a volume exceeding 5ml.

Pour the aliquot of the dispersion into the filtration reservoir, and apply the vacuum. If the volume of the aliquot is
larger than the capacity of the filtration reservoir, do not allow the level of liquid in the reservoir to fall below 5 cm
depth before the remaining volume is added. Failure to observe this precaution may result in disturbance of the
filtered paniculate and non-uniform deposition.

With the vacuum still applied, unclamp the filtration assembly and remove the filtration reservoir. Using clean
tweezers, remove the analytical filter and transfer it to a Petri dish. Allow the filter to dry before placing the cover on
the Petri dish.

For the beaker blank, prepare only one analytical filter by filtration of the entire 40 ml dispersion.

NOTE It is recommended that analytical filters corresponding to volumes of 1 ml. 5 ml and 34 ml be prepared, unless there
is reason to suspect that even the lowest volume will yield an analytical niter of unacceptably high loading. If the' paniculate or

• -i'T' fiber concentration is thought to be such that it is required to filter an aliquot of volume lower than 1 ml. use a dilution procedure
••;•—•' in which 1 ml of the original dispersion is transferred to a clean beaker and diluted with freshly distilled water to a total volume

• sac••: of 100 ml. After stirring to ensure complete mixing, aliquots of 10 ml and 30 ml from this diluted dispersion can then be filtered,
'••••'"•" corresponding to volumes of 0.1 ml and 0.3 ml of the original dispersion. From the original dispersion, volume:; of 1 ml, 5 ml

and 33ml are also filtered, giving five analytical filters with a concentration range of a factor of 330. The requirement for
washing of the filtration apparatus is minimized if the aliquots are filtered in order of increasing concentration. If aqueous

. dispersions are known to have high concentrations of asbestos fibres, the level of cross-contamination from one sample to the
next can be determined by interposing additional funnel blanks. Wash the filtration apparatus between filtratio/is of different

:** samples. . • .

•;::' 8.4 Preparation of TEM specimens from PC analytical filters

-•'•% 8.4.1 Selection of filter area for carbon-coating

Use a cleaned microscope slide to support representative portions of polycarbonate (PC) filter during the carbon
evaporation. Double-sided adhesive tape is used to hold the filter portions to the glass slide. Take care not to
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stretch the PC filters during handling. Using freshly cleaned tweezers, remove the PC filter from the Petri dish, and
place it on a second cleaned glass microscope slide which is used as a cutting surface. Using a freshly-
curved scalpel blade, cut the filter by rocking the blade from the point, pressing it into contact with the filter.
the process as necessary. Several such portions may be mounted on the same microscope slide. The scalpel
and tweezers shall be washed and dried between the handling of each filter. Identify the filter portions by writing on
the glass slide.

8.4.2 Carbon-coating of filter portions

Place the glass slide holding the filter portions on the rotating-tilting device, approximately 10 cm to 12 cm from the
evaporation source, and evacuate the evaporator chamber to a vacuum better than 0,013 Pa. The evaporation of
carbon shall be performed in very short bursts, separated by a few seconds to allow the electrodes to cool. If
evaporation of carbon is too rapid, the strips of PC filter will begin to curl, and crosslinking of the surface will occur.
This crosslinking produces a layer of polymer which is relatively insoluble in chloroform, and it will not be possible to
prepare satisfactory TEM specimens. The thickness of carbon required is dependent on the size of particles on the
filter; approximately 30 nm to 50 nm has been found to be satisfactory. If the carbon film is too thin, large particles
will break out of the film during the later stages of preparation, and there will be few complete and undamaged grid
openings on the specimen. Too thick a .carbon film will lead to a TEM image which is lacking in contrast, and the
ability to obtain EO patterns will be compromised. The carbon film thickness should be the minimum possible, while
retaining most of the grid openings of the TEM specimen intact.

8.4.3 Use of the Jaffe washer

.Place several pieces of lens tissue, as shown in Figure3. on the stainless steel bridge, and fill the washer with
•:chloroform or 1-methyl-2-pyrrolidone to a level where the meniscus contacts the underside of the mesh, resulting in
.saturation of the lens tissue.

Using a curved scalpel blade, cut three 3 mm square pieces of carbon-coated PC filter from the carbon-coated filter
portion. Select three squares to represent the centre and the outer periphery of the active surface of the filter. Place
each square of filter, carbon side up, on a TEM specimen grid, and place the grid and filter onto the saturated lens
tissue in the Jaffe washer. Place the three specimen grids from one sample on the same piece of lens tissue. Any
number of separate pieces of lens tissue may be placed in the same Jaffe washer. Cover the Jaffe washer with the
lid, and allow the washer to stand for at least 8 h.

NOTE It has been found that some PC fillers will not completely dissolve in the Jaffe washer, even after exposure to I
chloroform for as long as 3 days. This problem is more severe if the surface'of the filter was overheated during the carbon
evaporation. It has been found that the problem of residual undissolved filter polymer can be overcome in several ways:

a) a mixture of 20% 1.2-diaminoethane (ethylenediamine) and 80% 1-methy!-2-pyrro!idone. used in a Jaffe washer,
completely dissolves PC filters in 15 min, even if the surface of the filter has been overheated. To use this solvent, place
the grids directly on the stainless steel mesh of the Jaffe washer do not use the lens paper. After a period of 15 min,
transfer the stainless steel bridge into another Petri dish, and add distilled water until the meniscus contacts the underside
of the mesh. After approximately 15 min, remove the mesh and allow the grids to dry;

b) used in a Jaffe washer, 1-methyl-2-pyrrolidone r.as been found to be a more effective solvent than chloroform for PC
filters. This solvent is more effective if the lens paper not used and grids are placed directly on the stainless steel mesh of
the Jaffe washer. A dissolution period of 2h to 6 h has been found to be satisfactory. After dissolution is complete,
remove the stainless steel mesh from the Jaffe washer and allow the grids to dry. 1-Methyl-2-pyrrolidone evaporates very
slowly. If it is required to dry the grids more rapidly, transfer the stainless steel bridge into another Petri dish, and add
distilled water until the meniscus contacts the underside of the mesh. After approximately 15 min, remove the mesh and
allow the grids to dry;

c) condensation washing of the grids, using chloroform as the solvent, after the initial Jaffe washer treatment, can often
• remove much of the residual filter medium in a period of approximately 30 min. To carry out this procedure, transfer the

piece of lens tissue supporting the o|Jecimen grids to the cold finger of the condensation washer, which has achieved
stable operating conditions. Operate the washer for approximately 30 min after inserting the grids.

18



olSO ISO 13794:1999(E)

8.4.4 Rapid preparation of TEM specimens from PC filters

TEM specimens can be prepared rapidly from PC filters, if desired, using the fitter dissolution procedure described
in item a) of the note in 8.4.3. Alternatively, the specimens may be washed for approximately 1 h in a Jaffe washer,
followed by washing for 30 min in a condensation washer using chloroform as the solvent.

8.5 Preparation of TEM specimens from cellulose ester analytical filters

8.5.1 Selection of area of filter for preparation . .

Using clean tweezers, remove the filter from the Petri dish, and place it on a cleaned microscope, slide. Using a
clean, curved scalpel blade, cut out a portion of the filter.

8.5.2 Preparation of solution for collapsing cellulose ester filters

Mix 35 ml of dimethylformamide, 15 ml of glacial acetic acid and 50 ml of freshly distilled water. Store this mixture in
a clean bottle. The mixture is stable and suitable for use for up to 3 months after preparation.

8.5.3 Filter-collapsing procedure

Using a rnicropipette with a disposable tip, place 15 pi/cm2 to 25 pi/cm? of the collapsing solution on a cleaned
microscope slide and, using the end of the pipette tip, spread the liquid over the area to be occupied by the filter
portion. Place the filter portion, active surface upwards, on top of the solution, lowering the edge of me filter at an
angle of about 20° so that air bubbles are not created. Remove any solution not absorbed by the filter by allowing a
paper tissue to contact the liquid at the edge of the filter. More than one filter portion may be placed on one slide.
Place the slide either on a thermostatically controlled slide warmer at a temperature of 65 *C to 70 °C, or in an oven
at this temperature, for 10 min. The filter collapses slowly to about 15 % of its original .thickness. The procedure
leaves a thin, transparent polymer film, with particles and fibres embedded in the upper surface.

8.5.4 Plasma etching of the filter surface

The conditions required in the particular plasma asher shall be established using the procedure defined in annex A.
Place the microscope slide holding the collapsed filter portions in the plasma asher, and etch for the time and under
the conditions determined. Take care to ensure that the correct conditions are used. After etching, admit air slowly
to the chamber and remove the microscope slide.

The air admission valve of the plasma asher shall be adjusted such that the time taken for the chamber to reach
atmospheric pressure exceeds 2 min. Rapid air admission may disturb particulate on the surface of the etched filter.

8.5.5 Carbon-coating

Carbon-coat the microscope slide holding the collapsed filter portions as described in 8.4.2.

8.5.6 Use of the Jaffe washer
' ' . - - ' : • ' '

Place several pieces of lens tissue on the stainless steel bridge, and fill the washer with dimethylformamide or
acetone to a level where the meniscus contacts the underside of the mesh, resulting in saturation of the lens tissue.

• '
Place the specimens in the Jaffe washer as described in 8.4.3. Specimens are normally cleared after approximately
4h.

8.5.7 Rapid preparation of TEM specimens from cellulose ester filters

An alternative washing procedure may be used to prepare TEM specimens from -r>llulose ester filters more rapidly
than can be achieved by the Jaffe washing procedure. After the specimens have been washed in a Jaffe washer for
approximately 1 h, transfer the piece of lens tissue supporting the specimens to the cold finger of a condensation
washer operating with acetone as the solvent. Operate the condensation washer for approximately 30 min. This
treatment removes all remaining filter polymer.

Dimethylformamide shall not be used in a condensation washer.

19



ISO 13794:1999(E) a ISO

8.6 Criteria for acceptable TEM specimen grids

Valid data cannot be obtained unless the TEM specimens meet specified quality criteria. Incomplete dispersion of
the residual ash from the sample collection filter, or non-uniform deposition of paniculate due to the use of incorrect
filtration procedures are of major concern. Examine in the TEM all three of the TEM grids corresponding to the
largest filtered aliquot at a magnification sufficiently low (300x to 1 OOOx) so that complete grid openings can be
inspected. If large areas of undispersed ash are observed on widely separated grid openings, the sample collection
filter was either incompletely ashed, or the filter medium may be unsuitable for this preparation procedure. Reject all
of the filters and grids. If it is suspected that the filters are unsuitable for this analytical procedure, use the procedure
specified in annex H to confirm that the filter medium is suitable for analysis by this method, and reprepare the
sample from another sector of the sample collection filter.

If the particulate deposit on the TEM grids corresponding to filtration of the largest filtered aliquot appears to be
uniform, it is then necessary to select the set of TEM grids with an appropriate loading for fibre counting. Reject the
grids if:

a) the carbon replica covers less than approximately 75 % of the area of the TEM specimen grids;

b) the TEM specimen has not been cleared of filter medium by the filter, dissolution step;

If the TEM specimen exhibits areas of undissolved filter medium, and if at least two of the three specimen grids
are not cleared, either additional solvent washing shall be carried out, or new specimens shall be prepared from

:*" the analytical filter. . , . . ...

c) the sample is overloaded with particulate;

If the specimen grid exhibits more than approximately 10 % obscuration on the majority, of the grid openings,
the specimen shall be designated as over-loaded. This filter cannot be analyzed satisfactorily because the grid
is too heavily loaded with debris to allow separate examination of individual particles by ED and EOXA, and
obscuration of fibres by other particulate may lead to under-estimation of the structure count. Specimens
prepared from a filter corresponding to filtration of a smaller aliquot shall be selected.

d) the particulate deposits on the specimen are not uniformly distributed from one grid opening to the next;

If the particulate deposits on the specimen are obviously not uniform from, one grid opening to the next, the
specimen shall be designated as non-uniform. This condition is caused by incorrect installation of the filters for
filtration of the aqueous dispersions, or inadequate mixing during dilution of a small volume aliquot. Satisfactory
analysis of this filter may not be possible unless a large number of grid openings is examined.

e) the TEM grid is too heavily loaded with fibrous structures to make an accurate count;

Accurate counts cannot be. made if the grid has more than approximately 7 000 structures/mm?. Select
specimens prepared from a filter corresponding to filtration of a smaller aliquot.

f) more than approximately 25 % of the grid openings have.broken carbon film over the whole grid opening;

Since the breakage of carbon film is.usually more frequent in areas of heavy deposit, counting of the intact
openings can lead to an underestimate of the structure count. Prepare specimens from another sector of the
analyt; -:• filter, or select grids corresponding to filtration of a smaller aliquot.

If the specimens are rejected because unacceptable numbers of grid openings exhibit broken carbon replica,
an additional carbon coating may be applied to the carbon-coated filter, and new specimen grids prepared. The
larger particles can often be supported by using a thicker carbon film. If this action does not produce
acceptable specimen grids, this filter cannot be analyzed and grids prepared.from an analytical fil'er with a
lower particulate loading shall be selected.
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8.7 Procedure for structure counting by TEM

8.7.1 General

The examination consists of a count of asbestos structures which are present on a specified number of grid
openings. Fibrous structures are classified into groups on the basis of morphological observations, ED patterns and

A EOXA spectra. The tola, number of asbestos structures to be counted depends on the statistical precision desired.
;-'•••'- In the absence of asbestos structures, the area of the TEM specimen grids to be examined depends on the

analytical sensitivity required. The precision of the structure count depends not only on the total number of
structures counted, but also on their uniformity from one grid opening to the next Additional structure counting will
be necessary if greater precision is required.

In order that the estimate of the structure density on the sampling filter is not based on the structure deposits found
within the small area represented by one specimen grid, examine grid openings on two of the three specimen grids
prepared. Then combine the results for the calculation of the structure density. Make structure counts at a
magnification of approximately 20 OOOx, and terminate at the end of the examination of the grid opening on which
the 100th asbestos structure is observed, except continue the count until a minimum of four grid openings have
been examined. Otherwise, continue the structure count to that number of grid openings at which the specified

• analytical sensitivity has been achieved.

; NOTE The normal range for the number of grid openings which should be examined is from 4 to 20. If insufficient air has
been sampled through the filter, the calculation in 8.7.4 can indicate that an impractically large number of grid openings should
be examined. When this situation occurs, a larger .value of analytical sensitivity may have to be accepted.

8.7.2 Measurement of mean grid-opening area

.Measure the mean grid-opening area for the type of TEM specimen grid in use. The standard deviation of the mean
of 10 openings selected from 10 grids should be less than 5 %. Optionally, or if the 5 % standard deviation criterion
cannot be demonstrated, measure at a calibrated magnification the dimensions of each grid opening examined in
the TEM.

8.7.3 TEM alignment and calibration procedures

Before structure counting is performed, align the TEM according to instrumental specifications. Calibrate the TEM
and EDXA system according to the procedures in annex C.

8.7.4 Determination of stopping point • •

Before structure counting is begun, calculate the area of specimen to be examined in order to achieve the selected
analytical sensitivity. Calculate the maximum number of grid openings to be examined, using the formula:

where • • • • •

^ is the number of grid openings to be examined, rounded, to the next highest integer,

Aa is the area, expressed in square millimetres (mrr>2), of sample filter,

fd is the volume, expressed in millilitres (ml), of water used for dispersal of residual ash;

.5 is the required analytical sensitivity, expressed in structures/litre; •

Ag is the area, expressed in square millimetres (mm?), of TEM specimen grid opening;

V) is the volume, expressed in millilitres (ml), of aqueous dispersion filtered;

Fa is the fraction of sample collection filter ashed;

Ks is the volume, expressed in litres (I), of air sampled.
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8.7.5 General procedure for structure counting arid size analysis

Use at least two specimen grids prepared from the filter in the structure count. Select at random several grid
openings from each grid, and combine the data in the calculation of the results.

Use a form similar to that shown in Figure 5 to record the structure-counting data. Insert the first specimen grid into
the TEM.

In order to facilitate quality assurance measurements which require re-examination of the same grid opening by
different microscopists, insert the grid into the specimen holder in a standard orientation with the grid bars parallel
and perpendicular to the axis of the specimen holder. This will provide scan directions parallel to the edges of the
grid opening. Ensure that all microscopists begin scanning at the same starting point on the grid opening, and that
they use similar scan patterns. This procedure permits rapid relocation of fibrous structures for further examination if
necessary. ' • • *

Select a typical grid opening and set the screen magnification to the calibrated value (approximately 20 OOOx).
Adjust the sample height until the features in the centre of the JEM viewing screen are at the eucentric point. Set
the goniometer tilt angle to zero. In column 1 of the structure^couhting form, record the number or letter used to
identify the grid. In column 2, record the identification of the particular grid opening. Position the specimen so that
the grid opening is positioned with one corner visible on the screen: Move the image by adjustment of only one
translation control, carefully examining the sample for fibrous structures, until the opposite side of the grid opening
is encountered. Move the image by a predetermined distance less than one screen diameter, using the other
translation control, and scan the image in the reverse direction. Continue the'procedure in this manner until the
entire grid opening has been inspected in a pattern similar to that shown in Figure 6.

When a fibrous structure is detected, assign a sequential number to the primary structure in column 3, perform the
identification procedures required as detailed in annex E, and.enter the appropriate .compositional classification on
the structure counting form in columns. Assign a morphological classification to the structure according to the
procedures in annex D, and record this in column 6! Measure on the TEM viewing screen the length and width of
the image of the primary structure, in millimetres, and record these measurements in columns 7 and 8. For a
disperse cluster or matrix, assign a compositional classification and a morphological classification to each structure
component, measure the length and width, and enter the data in, columns 4 to 8. Use column 4 of the structure-
counting form to tabulate the sequential number of total structures, taking into account structure components. If non-
asbestos fibres are observed, note their presence and type, if known.

After a fibrous structure has been examined and measured, relocate the original field of view accurately before
continuing scanning of the specimen. Failure to do this may cause fibres to be overlooked or counted twice.
Continue the examination until the completion of the grid opening on which the 100th fibrous structure has been
recorded, or until the number of grid openings required to achieve the specified analytical sensitivity, calculated
according to 8.7.4, have been examined, whichever occurs first/, the data shall be drawn approximately equally
from a minimum of two grids. Regardless of the value calculated according to 8.7.4, fibrous structures on a
minimum of four grid openings shall be counted.

8:7.6 Measurement of concentration of asbestos fibres and bundles longer than 5 mm

. Give consideration to improving the statistical validity for measurement of asbestos fibres and bundles longer than
5pm by additional examination of the TEM specimens at a lower magnification, taking account only of these long
fibres and bundles. Perform this extended examination for fibres and bundles longer than 5 urn in accordance with
the procedures described in Annex.F. Use,a magnification of approximately 10OOOx for counting of all asbestos
fibres and bundles longer than 5 urn, or approximately 5 OOOx if only fibres and bundles within the diameter range
0,2 pm to 3,0 pm are to be counted. Continue the count until completion of the grid opening on which 100 fibres and
bundles have been recorded, or until sufficient area of the specimen has been examined to achieve the desired
analytical sensitivity. Only those structures which are identified as. or are suspected to be. either chrysolite or one of
the amphibole minera- will be reported in either-the'Original or the extended TEM examination. This restriction is
intended to ensure that the best statistical validity is obtained for the materials of interest.
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TEM ASBESTOS STRUCTURE COUNT

Report Number:

Sample Number.

Filename:

Sample description:

<•••

Preparation date:

Analysis date:

Computer entry date:

Bv:

Bv:

Bv:

Page of

Air volume:

Sample niter area:

Fraction ashed:

Dispersal volume:

Volume filtered:

Analytical filter area:

Magnification:

Grid-opening dimensions:

I

mm2

ml

ml

mm?

X

um

Level of analysis (C):.

(A):.

Grid Grid
opening

-?•
.„

}.

-

V

Stru
Primary

cture
Total

Class Structure Length
mm

Width
mm

Comments

Figure 5 — Example of structure-counting form
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V/ ••W
/

Key

1 TEM field of view
2 . First pass

3 Grid opening
4 . Second pass

Figure 6 — Example of scanning procedure for TEM specimen examination

8.7.7 Estimation of mass concentration of asbestos fibres and bundles

If the primary objective of the analysis is to estimate the mass concentration, adopt a structure-counting strategy
that allows large structures that contribute most to the. mass concentration to be counted with greater statistical
reliability. Follow the procedures described in annex D.

8.8 Blank and quality, control determinations .

Before air samples are collected, analyse a minimum of two unused filters from each lot of 100 filters to determine
the mean background asbestos structure count of the analytical procedure. If the mean background count for all
types of asbestos structure is found to be more than 10 structures/mm2, or if the mean background fibre count for
asbestos fibres longer than 5 urn is more than 1.0 fibre/mm*, determine the origin of the contamination and correct
before air samples are collected.
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NOTE The background contamination originaling_from the sample collection filters is determined by ashing one filler, a
group of three fillers, and a group of 10 filters. The background contamination originating from a single filter is calculated from
any observed incremental increase between these measurements. If a constant background value is obtained for these three
measurements, the contamination originates at some other point in the analytical procedure.

Include at least one open field blank and one closed field blank with the samples from each survey. To prepare an
open field blank, transport an unused filter cassette to the sampling site and remove the front cap. Locate the open
cassette in a similar position and orientation as the samples for the whole period of sample collection, but do not
pump air through the filter. After sample collection is completed, replace the front cap and submit the cassette for.
analysis as the open field blank. To prepare the closed field blank, transport an unused filter cassette to the
sampling site and keep it closed.

To ensure that contamination by extraneous asbestos fibres during specimen preparation is insignificant compared
with the results reported on samples, establish a continuous programme of blank measurements. Process at least
one funnel blank and one empty beaker blank along with each batch of samples. In addition, include at least one
unused filter with every group of samples prepared on one microscope slide.

Initially, and also at intervals afterwards, ensure that samples of known asbestos concentrations can be analysed
satisfactorily. Since there is a subjective component in the structure-counting procedure, re-counts of some
specimens shall be made by different microscopists, in order to minimize the subjective effects. Such, re-counts
provide a means of maintaining comparability between counts made by different microscopists. Characterize the
variability between and within microscopists and between laboratories. These quality assurance measurements
shall constitute approximately 10 % of the analyses. Repeat results should not differ at the 5 % significance level.

8.9 Calculation of results

Calculate the results using the procedures detailed in annex G. Prior to TEM examination of the specimens, the
level of analysis was specified. Before the results are calculated, specify the compositional and morphological
classifications to be included in the result. Conduct the chi-squared uniformity test using the number of primary
asbestos structures found on each grid opening, prior to application of the cluster- and matrix-counting criteria.
Calculate the concentration result using the numbers of asbestos structures reported after application of the cluster-
and matrix-counting criteria.

9 Performance characteristics

9.1 General

It is important to use this analytical method in conjunction with a continuous quality control programme. The quality
control programme should include use of standard samples, blank samples, and both inter- and intra-laboratory
analyses.

9.2 Interferences and limitations of fibre Identification

Unequivocal identification of every chrysotile fibre is hot possible, due to both instrumental limitations and the nature
of some of the fibres. The requirement for a calibrated, ED pattern eliminates the possibility of an incorrect
identification of the fibre selected. However, there is a possibility of misidentification of fibres for .which both the
morphologies and the ED patterns are reported on the basis of visual inspection only. The only significant
possibilities of misidentification occur with halloysite, vermiculite scrolls or palygorskite, all of which can be
discriminated from chrysotile by the use of EDXA and by observation of the 0,73 nm (002) reflection of chrysotile in
the ED pattern.

As in the case of chrysotile. fibres, complete identification of every amphibole fibre is not possible due to
instrumental limitations and the nature of some of the fibres. Moreover, complete identification of every amphibole
fibre is not practical due to the limitations of both time and cost. Particles of a number of other minerals having
compositions similar to those of some amphiboles could be erroneously classified as amphibole when the
classification criteria do not include zone-axis ED techniques: However, the requirement for quantitative EDXA
measurements on all fibres as support for the random orientation ED technique makes misidentification very
unlikely, particularly when other similar fibres in the same sample have been identified as amphibole by zone-axis
methods. The possibility of misidentification is further reduced with increasing aspect ratio, since it is rare for the
minerals with which amphibole may be confused to display an asbestiform habit.
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9.3 Precision and accuracy

9.3.1 Precision

The analytical precision that can be obtained is dependent upon the number of structures counted, and also on the
uniformity of the paniculate deposit on the analytical filter. Assuming that the structures are randomly deposited on
the analytical filter, if 100 structures are counted and the loading is at least 3,5 structures/grid opening, computer
modelling of the counting procedure shows that a coefficient of variation of about 10 % can be expected. As the
number of structures counted decreases, the precision will also decrease approximately as vW. where ;V is the
number of structures counted. In practice, paniculate deposits obtained by filtration of aqueous dispersions of
particles are rarely ideally distributed, and it is found that the precision is correspondingly reduced. Degradation of
precision is a consequence of several factors, such as:

a) non-uniformity of the filtered paniculate deposit;

b) distortion of the fibre distribution by application of the structure-counting criteria;

c) variation between microscopists in their interpretation of the fibrous structures; and,

d) variation between microscopists in their ability to detect and identify fibres.

The 95 % confidence interval about the mean for a single structure-concentration measurement using this analytical
method should be approximately ± 25 % when 100 structures are counted over 10 grid openings.

9.3.2 Accuracy

There is no independent method available to determine the accuracy.

NOTE It has been demonstrated that, after carbon-coating of PC membrane filters, paniculate material is transferred to the
TEM specimens without measurable losses. However, if the filters are heavily loaded with paniculate; some material may be
lost before they are carbon-coated. Good comparability between the direct-transfer capillary-pore PC procedure and the direct-
transfer cellulose ester filter procedure has been demonstrated for laboratory-generated aerosols of chrysolite asbestos
collected at a face velocity of 8 cm/s. Using laboratory-generated and field-collected aerosols of chrysolite asbestos, it has
been shown that, compared with the direct-transfer procedure, this indirect specimen preparation procedure results in
comparable numbers of fibres longer than 5 pm, and less than a factor of two increase in the numbers of fibres longer than
2,5 pm. This indirect specimen preparation procedure may produce results different from those given by the direct-transfer
procedure for aerosols of materials in which asbestos is blended with other components.

9.3.3 Inter- and intra-laboratory analyses

Inter- and intra-laboratory analyses are required in order to monitor systematic errors that may develop among
microscopists when using this method. These analyses should be designed to test both the overall method and the
performance of individual microscopists. Repeat preparation of TEM grids from different sectors of a filter, followed
by examination of the grids by a different microscopist, is a test for reproducibility of the whole method. However,
non-uniformity of the paniculate deposit on'the filter may lead to'-differences which are not related to the
performance of the microscopists; Verified fibre-counting (counting of asbestos structures on the same grid opening
of a TEM grid by two or more operators; followed by resolution of any discrepancies) may be used both as a training
aid and to determine the performance of different microscopists. The use of indexed TEM grids as defined in 5.4.5
and 5.4.6 is recommended in order to facilitate relocation of specific grid openings.

9.4 Limit of detection

The I:rnit of detection of the method can be varied by choice of the volume of air sampled, the proportion of the
sample collection filter which is ashed, the proportion of the aqueous dispersion of ash which is filtered, the area of
the analytical filter, and the area of the specimen examined in the TEM. It is also a function of the background of
asbestos structures on unused filters. A limit of detection shall be quoted for'each sample analysis.

NOTE ' In practice, the lowest limit of detection is frequently determined by the total suspended paniculate concentration,
since each particle on the analytical filter must be separated from adjacent ones by a sufficient distance that the particle can be
identified without interference. Paniculate loadings greater-than about 25pg/cm2 on the analytical filters usually preclude
preparation of TEM specimens. If the analysis is to be performed with an acceptable expenditure.of time, the area of the
specimen examined in the TEM for structures of all sizes is limited in most cases to between 10 and 20 grid openings. In
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typical ambient or building atmospheres, it has been found that an analytical sensitivity of 1 structure/litre can be achieved. In
some circumstances, where the atmosphere is exceptionally clean, this can be reduced to 0.1 structure/litre or lower. For fibres
and bundles longer than 5 urn. the reduced magnifications specified permit larger areas of the TEM specimens to be examined
in with an acceptable expenditure of time, resulting in proportionately lower limits of detection. If no structures are found in the
analysis, the upper 95 % confidence limit can be quoted as the upper bound of the concentration, corresponding to 2.99 times
the analytical sensitivity if a Poisson distribution of structures on the filler is assumed. This 95 % confidence limit for zero
structures counted is taken as the detection limit. Since there is sometimes contamination of unused sample filters by asbestos
structures, this should also be taken into account in the discussion of limits of detection.

10 Test report

The test report shall include at least items a) to m) as follows:

a) reference to this International Standard;

b) identification of the sample;

c) date and time of sampling, and all necessary sampling data;

d) date of the analysis:

e) identity otAhe analyst;

' f) all necessary specimen preparation data;

g) any procedure used not specified in this International Standard or regarded as an optional procedure;

h) statement of the minimum acceptable identification category and the maximum identification category
attempted (refer to Tables D.1 and D.2);

i) statement specifying which identification and structure categories have been used to calculate the
concentration values;

j) the analytical sensitivity, expressed in asbestos structures/litre;

k) the limit of detection, expressed in asbestos structures/litre;

I) separate concentration values for chrysolite and amphibole structures, expressed in asbestos structures/litre;

m) the 95 % confidence interval limits for the concentration values, expressed in asbestos structures/litre.

The following items n) and o) shall be recorded, but their inclusion in the test report is optional:

n) a complete listing of the structure-counting data. The following data should be included: grid opening number,
structure-.number, identification category, structure type, length and width of the structure expressed in
micrometres, and any comments concerning .the structure;

o) compositional data for the principal varieties of amphibole. if present.

Inclusion of the^following items p). q) and r) in the test report is optional:

p) items h) to m) for all asbestos fibres and bundles longer than 5 urn;

q) items h) to m) for PCM-equivalent asbestos fibres;

r) estimated mass concentrations of chrysolite and amphibole.

An example of a suitable format for the structure-counting data is shown in Figures 7 and 8.
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Laboratory name

SAMPLE ANALYSIS INFORMATION

Report number Date

SAMPLE: 456 Queen Street
• Ashby de ia Zouch
Exterior sample 1991-09-09

Air volume:

. Area of collection filter

Volume flowrate:

Fraction of filter ashed:

Volume of water used for dispersal of ash:

Volume of dispersion filtered:

Active area of analytical filter

Level of analysis (chrysotile):

Level of analysis (amphibole):

Magnification used for structure counting:

Aspect ratio for fibre definition:

Mean dimension of grid openings:

Initials of analyst:

Number of grid openings examined:

Analytical sensitivity:

Number of primary asbestos structures:

Number of asbestos structures counted:

Number of asbestos structures > 5 urn:

Number of asbestos fibres and bundles > 5 urn:

Number of PCM-equivalent asbestos structures:

Number of PCM-equivalent asbestos fibres:

5 750,0 I

385.0 mm2

10,0 l/min

0.50

40,0 ml

34,0 ml

199,0mm2

CD or CMQ

ADQ

20 500X

5:1

95.4 pm

JMW

10

0.895 structures/I

13

26

7

10

2

5

Figure 7 — Example of format for reporting of sample and preparation data
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Laboratory name

SAMPLE ANALYSIS INFORMATION (Page 2 and higher)

Report number Date

SAMPLE: 456 Queen Street
Ashby de la Zouch
Exterior sample 1991-09-09

TEM ASBESTOS STRUCTURE COUNT — RAW DATA

Grid

A

B

C

Grid

opening

F4-4

E3-6

E5-1

F4-1

G5-1

E4-4

G4-4

E4-4

E5-6

F4-1

Structures
Primary

1

2

3

4

5

6

7

8

9

10

11

12

13

Tota

1

2

3

4

5

6

7

6

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23
24

25

26

Identifi-

cation9

.CD

CMQ.

ADO

CD

CD

CD

CMQ

CD

CD

CD

CD

CD

CMQ

CD

CD

CMQ

CMQ

CD

AD

CMQ

CMQ

CMQ

ADQ

CM

No Fibres

ADQ /

ADQ

ADQ

CM

CM

CMQ

CD

Structure

. type

F

B

F

MC+0

MD43

MB

MF

MB

MF

CD+0

CB

CF

CR+0

CD31

CB

CF

CB

B

F

CD42

CB

CF

CF

CF

CD+3

CF

CF

CB

CR+0

MC10

CC+0

Length

jim

1.7

3.6

4.0

3.5

7.5

7.7

5.6

5.1

17

6.5

3.5

3.5

2,6

6.1

5.6

4.0

3.2

1.5

8.7

25.

15.

9.4

3.6

4.2

9.4

7.1

6.2

5.1
3.3

3.7

7.4

Width
p.m

0,045

0,09

0.15

1.3

5,0

0,30

0,045

0,30

0,045

3.0

0,15

0.045

1.9

3.2

0.30

0.045

0.090

0.23

0,15

5.6

0.15

0.045

0.30 " .

0.045

2.5 .

0.30

0.10

0.20
1.8

2.1

0.5

Comments

Crocidolite

Tremolite

Amosite

Crocidolite

a Identification codes listed in Tables E.1 and E.2

Figure 8 — Example of format for reporting of structure-counting data
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Annex A
(normative)

Determination of operating conditions for plasma asher

A.1 General

The plasma asher is used for complete ashing of sample collection filters, and also for an etching procedure during
the preparation of TEM specimens from cellulose ester analytical filters.

For complete, ashing of either PC or cellulose ester sample collection filters, operate the plasma asher at the
minimum power at which a glow discharge can be maintained, until the filter appears to be completely ashed. In
order to ensure that the filter has been completely ashed, then operate the plasma asher at full power for longer
than 3 h.

-During preparation of TEM specimens from a cellulose ester analytical filter, the spongy structure of the filter is
collapsed into a thinner film of polymer by action of a solvent.Some of the particles on the surface of the original
-filter become completely buried in the polymer, and the specimen preparation procedure incorporates a plasma
'etching step to oxidize the surface layer of the polymer'. Particles buried by the filter-collapsing step are then
exposed, so that they can become subsequently affixed in the evaporated carbon film without altering their position
'on the original filter. The amount of etching is critical, and individual ashers vary in performance. Therefore,
calibrate the plasma asher to give a known amount of etching of the collapsed-filter surface. This is carried out by
adjusting the radio-frequency power output and the oxygen flow rate, and measuring the time taken to completely
oxidize an uncollapsed 25 mm diameter cellulose ester filter of the same type and pore size as the analytical filters.

A.2 Procedure

Place an unused, 25 mm diameter MEC or cellulose nitrate filter of the type being used in the centre of a glass
microscope slide. Position the slide approximately in the centre of the asher chamber. Close the chamber and
evacuate to a pressure of approximately 40 Pa, while admitting oxygen to the chamber at a rate of 8 cm^/min to
20 cm3/min. Adjust the tuning of the system so that the intensity of the plasma is maximized. Measure the time
required for complete oxidation of the filter. Determine operating parameters which result in complete oxidation of
the filter in a period of approximately 15 min. For etching of collapsed.filters, use these operating parameters for a
period of 8 min.

NOTE Plasma oxidation at high radio-frequency powers will cause uncollapsed cellulose ester filters to shrink and curl,
often followed by sudden violent ignition. At lower powers, the filter will remain in position and will become slowly thinner until it
becomes nearly transparent. When multiple filters are1.etched, the rate of etching'is reduced, and the system should be
calibrated accordingly.
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'AnnexB
(normative)

Determination and standardization of operating conditions
for ultrasonic bath

B.1 General

The ultrasonic bath is used for dispersal of the residual ash from sample collection filters. Since prolonged.
ultrasonic treatment of asbestos dispersions can affect the size distribution of asbestos structures and thereby
change the structure concentration, it is important to. standardize the rate of ultrasonic energy absorption by the
aqueous dispersion and the time for which the sample is exposed to ultrasonic treatment.

Depending on the design of the ultrasonic bath, the rate of energy deposition into the contents of the sample beaker
' will vary with the position of the sample in the bath and the thickness of the glass. Accordingly, calibrate in the

positions used, and always place the sample beakers in these positions. During operation, the temperature of the
: water in the ultrasonic bath will rise, and will reach an equilibrium temperature. Since energy transfer to the sample
beaker increases with the temperature of the water in the bath, operate the bath at its equilibrium temperature.

' Ultrasonic energy absorbed by the sample reappears as heat, and the rate of absorption of ultrasonic energy cart
be measured calorimetrically. Use the measurement procedure specified in B.2.

B.2 Procedure

Ensure that the level of water in the ultrasonic bath is adjusted to that which will be used. Operate the bath until it
reaches its equilibrium temperature, accelerating this process if necessary by initially using hot water in the bath.
Place 40 ml of water at approximately 20 *C into a 50 ml beaker, and measure its temperature. With the bath
switched off, place the beaker into the position to be calibrated. After a period of 60 s to 90 s, remove the beaker
and measure the temperature of the contents. Discard the contents of the beaker. Using another 40 ml of water at
approximately 20 °C, measure the initial temperature of the contents and, with the ultrasonic bath operating, the
final temperature when the beaker has spent the same time in the bath as for the first measurement. Calculate the
rate of energy absorption by the sample using the formula:

where

R is the rate of energy absorption, expressed in watts per millilitre (W/ml);

&2 is the temperature rise with ultrasonic bath operating, expressed in degrees Celsius (*C);

61 is the temperature rise with ultrasonic bath not operating, expressed in degrees Celsius (°C);

t is the time, expres,~d in seconds (s).

If the rate of energy absorption is higher than the specified range, use a variable transformer as the power supply
for the ultrasonic bath, and adjust the operating conditions so that the rate of energy absorption is in the range
0,05 W/ml to 0.1 W/ml, as defined by this measurement procedure.

Always operate the ultrasonic bath at its equilibrium temperature, because the energy transfer to the beaker
increases with temperature. If a thermometer is used for temperature measurement when calibrating the bath, do
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not immerse the thermometer in the beaker of water during the exposure to the bath, because the presence of the
thermometer increases the absorption of energy during ultrasonic treatment Alternatively, a low thermal capacity
thermocouple may be used for temperature measurement.
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• Annex C
(normative)

Calibration procedures

C.1 Calibration of the TEM

C.1.1 Calibration of TEM screen magnification . ' . . . ' . . - '

The electron microscope should be aligned according to the specifications of the manufacturer. Initially, and at
regular intervals, calibrate the magnifications used for the analysis using a diffraction grating replica. Adjust the
specimen height to the eucentric position before carrying out the calibration. On the fluorescent viewing screen,
measure the distance occupied by a convenient number of repeat distances of the grating image, and calculate the
magnification. Always repeat the calibration after any instrumental maintenance or change in operating conditions.
The magnification of the image on the viewing screen is not the same as that obtained on photographic plates or
film. The ratio between these is a constant value for the particular model of TEM.

C.1.2 Calibration of ED camera constant

. Calibrate the camera constant of the TEM when used in ED mode. Use a specimen grid supporting a carbon film on
which a thin film of gold has been evaporated or sputtered. Form an image of the gold film with the specimen
adjusted to the eucentric position and select ED conditions. Adjust the objective-lens current to optimize the pattern
obtained, and measure either on the fluorescent viewing screen or on a recorded image the diameters of the
innermost two rings. Calculate the radius-based camera constant, A-I, for both the fluorescent screen and the
photographic plate or film, from the relationship:

where '

A is the wavelength of the incident electrons, expressed in nanometres (nm);

L is the camera length, expressed in millimetres (mm);

a is the unit cell dimension of gold, expressed in nanometres (0,40786 nm);

D is the diameter of the (hkl) diffraction ring, expressed in millimetres (mm).

Using gold as the calibration material, the radius-based camera constant is given by:

A-l = 0,11774D rnrn-nm (smallest ring);

A-i = 0.10197D mm-nm (second ring).

C.1.3 Calibration of the EDXA system

Perform energy calibration of the EDXA system for a low-energy and a high-energy peak regularly. Calibration of
the intensity scale of the EDXA system permits quantitative composition data, at an accuracy of about 10 % of the
elemental concentration, to be obtained from EDXA spectra of reference silicate minerals containing the elements
Na, Mg. Al, Si, K, Ca, Mn and Fe, and relevant certified reference materials. If quantitative determinations are
required for minerals containing other elements, reference standards other than those referred to below will be
required. Well-characterized mineral standards permit calibration of any TEM-EDXA combination which meets the
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instrumental specifications of 5.3.1 and 5.3.2, so that EDXA data from different instruments can be compared.
Reference minerals are required for the calibration: the criteria for selection being that they should be silicate
minerals with matrices as close as possible to those 'of the amphiboles or serpentine, and that individual small
fragments of the minerals are homogeneous in composition within a few percent.

Determine the compositions of these standards by electron microprobe analysis or chemical methods. Crush
fragments of the same selected mineral standards and prepare filters by dispersal of the crushed material in water
and immediate filtration of the suspensions. Prepare TEM specimens fronn these filters by the procedures described
in clause 8. These TEM specimens can then be used to calibrate any TEM-EDXA system so that comparable
compositional results can be obtained from different instruments.

NOTE The microprobe analyses of the mineral standards are made by conventional techniques which can be found in the
Bibliography. In summary, the mineral is first embedded in a mount of polymethyl methacrylate or epoxy resin. The mount is
then ground and polished to achieve a flat, polished surface of the mineral fragment. This surface is then analyzed, using
suitable reference standards, preferably oxide standards of the individual elements wherever these are available. It is
necessary to take account of the water concentration in the minerals, which in the case of chrysotile amounts to 13 % by mass.
This water content may vary due to losses in the vacuum system.

Aqueous suspensions of mineral standards should be filtered immediately after preparation, since alkali and alkaline earth
metals may be partially leached from minerals containing these elements.

Express the results of the electron microprobe analyses as atomic or mass percentage ratios relative to silicon.
X-ray peak ratios of the same elements relative to silicon, obtained frormthe EDXA system, can then be used to
calculate the relationship between peak area ratio and atomic or mass percentage ratio. This technique is described
by Cliff and Lorimer (see Bibliography).

The X-rays generated in a thin specimen by an incident electron beam have a low probability of interacting with the
specimen. Thus mass absorption and fluorescence effects are negligible. In a silicate mineral specimen containing
element i, the following relationship can be used to perform quantitative analyses in the TEM.

-fi.-*,--*- .
Csi Asi • . -•

where

Cj is the concentration or atomic proportion of element i;

Csi is the concentration or atomic proportion of silicon;

AI is the elemental integrated peak area for element»;

AS; is the elemental integrated peak area for silicon;

k, is the i-ratio for element / relative to silicon (a constant).

NOTE For a particular instrumental configuration.and a particular particle size, the value of *, is constant.

To incorporate correction for the particle-size effect on peak area ratios (see Small et al. in Bibliography), extend the
Cliff and Lorimer technique by obtaining separate values of the constant k,- for different ranges of fibre diameter. It is
recommended that 20 EDXA measurements be made for each range of. fibre diameter. Suitable ranges of fibre
diameter are < 0,25 pm; 0.25 pm to 0,5 pm; 0,5 pm to 1,0 urn and > 1.0 urn.

Insert the TEM grid into the TEM. obtain an image at the calibrated higher magnification of about 20 OOOx, and
adjust the .specimen height to the eucentric point. If the X-ray detector is a side-entry variety, tilt the specimen
towards the X-ray detector. Select an isolated fibre or particle less than 0,5 pm in width, and accumulate an EDXA
spectrum using an electron probe of suitable diameter. When a well-defined spectrum has been obtained, perform i.
backgound subtraction and calculate' the background-corrected peak areas for .each element listed, using energy
windows centred on the peaks. Calculate the ratio of the peak area for each specified element relative to the peak
area for silicon. All background-subtracted peak areas used for calibration shall exceed 400 counts.
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Repeat this procedure for 20 particles of each mineral standard. Reject analyses of any obviously foreign particles
cSate the arithmetic mean concentration to peak area ratio. *, <*-ratio). for each specified elemert of each
Snenri standard and for each of the fibre diameter ranges. Periodic routine checks shall be earned out to ensure
mS mere has been no degradation of the detector performance. These ^-ratios are used to calculate the elemental
concentrations of unknown fibres, using the Cliff and Lorimer relationship.
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Annex D
(normative)

Structure-counting criteria

D.1 Introduction

In addition to isolated fibres, assemblages of particles and fibres frequently occur in air samples. Groupings of
asbestos fibres and particles, referred to as "asbestos structures", are defined as fibre bundles, clusters and
matrices. The numerical result of a TEM examination depends strongly on whether the analyst assigns such an
assemblage of fibres as a single entity, or as the estimated number of individual fibres which form the assemblage.
It is therefore important that a logical system of counting criteria be defined, so that the interpretation of these
complex structures is the same for all analysts,.and so that the numerical result is meaningful. Imposition of specific
structure-counting criteria generally requires that some interpretation, partially based on uncertain health effects
information, be made of each asbestos structure found. It is not the intention of this International Standard to make
any interpretations based on health effects, and it is intended that a clear separation be made between recording of
structure-counting data, and later interpretation of those data.- The system of coding specified in this International
Standard permits a clear morphological description of the structures to be recorded in a concise manner suitable for
later interpretation, if necessary, by a range of different criteria, without the necessity for re-examination of the
specimens. In particular, .the coding system is designed to permit recording' of the dimensions of each complex
fibrous structure, and also whether these structures contain fibres longer than 5 pm. This approach permits later
evaluations of the data to include considerations of particle respirability and comparisons with historical indices of
asbestos exposure. Examples of the various types of morphological structure, and the manner in which these shall
be recorded, are shown in Figure D.1.

D.2 Structure definitions and treatment

.Each fibrous structure that is a separate entity shall be designated as a primary structure. Each primary structure
shall be designated as a fibre, bundle, cluster or matrix. These structures are discussed in D.2.1 to D.2.8.

D.2.1 Fibre

Any particle with parallel or stepped sides, of minimum length 0,5 urn, and with an aspect ratio of 5:1 or greater,
shall be defined as a fibre. For chrysotile asbestos, the single fibril shall be defined as a fibre. A fibre with stepped
sides shall be assigned a width equal to the average of the minimum and maximum widths. This average shall be
used as the width in determination of the aspect ratio.

D.2.2 Bundle

A grouping composed of apparently attached parallel fibres shall be defined as a bundle, with a width equal to an
estimate of the mean bundle width, and a length equal to the maximum length of the structure. The overall aspect
ratio of the bundle may be any value, provided that it contains individual constituent fibres having aspect ratios
equal to or greater than 5:1. Bundles may exhibit diverging fibres at one or both end::

D.2.3 Cluster

An aggregate of two or more randomly oriented fibres, with or without bundles, shall be defined as a cluster.
Clusters occur as two varieties:

a) disperse cluster (type D): a disperse and open network, in which at least one of the individual fibres or bundles
can be separately identified and its dimensions measured;

b) compact cluster (type C): a complex and tightly bound network, in which one or both ends of each individual
fibre or bundle are obscured, such that the dimensions of individual fibres and bundles cannot be
unambiguously determined.
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Fibres

Bundles

Disperse cluster (type D) Compact cluster (type Q

Disperse matrix (type D) Compar* -natrix (type Q

7 ' Figure O.1 — Fundamental morphological structure types
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In practice, clusters can occur in which the characteristics of both types of cluster occur in the same structure.
Where this occurs, the structure should be assigned as-a disperse cluster, and then a logical procedure should be
followed by recording structure components according to the counting criteria. The procedure for treatment of
clusters is illustrated by examples in Figure D.2:

D.2.4 Matrix

One or more fibres, or fibre bundles, may be attached to. or partially concealed by, a single particle or group of
overlapping non-fibrous particles. This structure shall be defined as a matrix. The TEM image does not discriminate
between particles which are attached to fibres and those which have by chance overlapped in the TEM image. It is
not known, therefore, whether such a structure is actually a complex particle, or whether it has arisen by a simple
overlapping of particles and fibres on the filter.

Since a matrix structure may involve more than one fibre, it is important to define in detail how matrices shall be
counted. Matrices exhibit different characteristics, and two types can be defined:

a) disperse matrix (type D): a structure consisting of a particle or linked group of particles, with overlapping or
attached fibres or bundles in which at .least one of the individual fibres or bundles can be separately identified
and its dimensions measured; • .

b) compact matrix (type C): a structure consisting.of a particle or linked group of particles, in which fibres or
bundles can be seen either within the structure-or-projecting from it, such that the dimensions of individual
fibres and bundles cannot be unambiguously determined.

Count as 1 compact cluster
(all fibres shorter than 5 pm)

Record as CC+0

Count as a disperse cluster consisting of 5 fibres,
4 of which are longer than 5 urn

Record as CD54, followed by 5 fibres each recorded as CF

5pm

5pm

5pm

Count as a disperse cluster consisting of 4 fibres,
2 of which are longer than 5 pm, and 2 cluster residuals

Record as CD+2, followed by 4 fibres each recorded as
CF, and 2 cluster residuals each recorded as CR+0

' Count as a disperse cluster consisting of 3 fibres,
2 bundles, 1 of which is longer than 5 um, and 1 cluster residual

Record as CD+1, followed by 3 fibres each recorded as CF,
2 bundles each recorded as CB, and one cluster residual
recorded as CR+0

Figure D.2 — Examples of recording of complex asbestos clusters
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In practice, matrices can occur in which the characteristics of both types of matrix occur in the same structure.
Where this occurs, the structure should be assigned as a disperse matrix, and then a logical procedure should be
followed by recording structure components according to the counting criteria. Examples of the procedure which
shall be followed are shown in Figure O.3.

D.2.5 Asbestos structure larger than 5 mm '

Any fibre, bundle, cluster or matrix for which the largest dimension exceeds 5 urn. Asbestos structures larger than
5 urn do not necessarily contain asbestos fibres or bundles longer than 5 pm.

D.2.6 Asbestos fibre or bundle longer than 5 mm

An asbestos fibre of any width, or bundle of such fibres,'which has a length exceeding 5 urn.

Count as 1 compact matrix, with
all fibres shorter than 5 pm

Record as MC+0

5 pm

5 pm

Count as 1 disperse matrix containing
1 fibre shorter than 5 pm

Record as MD10, followed by 1 fibre recorded as MF

Count as 1 disperse matrix containing
5 fibres, all longer than 5 pm

Record as MD55. followed by 5 fibres each recorded as MF

5|jm

Count as 1 disperse matrix, containing 3 fibres,
1 of which is longer than 5 pm, and 1 matrix residual

Record as MD61,.followed by 3 fibres each recorded
as MF, and 1 matrix residual recorded as MR30

5pm

Figure D.3 — Examples of recording of complex asbestos matrices
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D.2.7 PCM-equivalent structure

Any fibre, bundle, cluster or matrix with an aspect ratio of 3:1 or greater, longer than 5pm, and which has a(
diameter between 0,2 pm and 3.0 pm. PCM-equivalent structures do not necessarily contain fibres or bundles
longer than 5 urn, or PCM-equivalent fibres.

D.2.8 PCM-equivalent fibre

Any particle with parallel or stepped sides, with an aspect ratio of 3:1 or greater, longer than 5 pm, and which has a
diameter between 0.2 pm and 3,0 pm. Fdr chrysotile, PCM-equivalent fibres will always be bundles.

D.3 Other structure-counting criteria

D.3.1 Structures which intersect grid bars

Count a structure which intersects a grid bar for two sides of the grid opening only, as illustrated in Figure D.4.
Record the dimensions of the structure such that the obscured portions of components are taken to be equivalent to
the unobscured portions, as shown by the broken lines in Figure D.4. For example, trie length of a fibre intersecting
a grid bar is taken to be twice the unobscured length. Structures intersecting either of the other two sides shall not
be included in the count. •

D.3.2 Fibres which extend outside the field of view

During scanning of a grid opening, count fibres which extend outside the field of view systematically, so as to avoid
double-counting. In general, a rule should be established so that fibres extending outside the field of view in only
two quadrants are counted. The procedure is illustrated by Figure D.5. Measure the length of each such fibre by
moving the specimen to locate the other end of the fibre, and then return to the original field of view before
continuing to scan the specimen. Fibres without terminations within the field of view shall not be counted.

D.4 Procedure for data recording

D.4.1 Introduction

The morphological codes specified.are designed to facilitate computer data-processing, and to allow recording of a
complete representation of the important features of each asbestos structure. The procedure requires that the
microscopist classify each primary fibrous structure into one of the four fundamental categories: fibres, bundles,
clusters and matrices.

D.4.2 Fibres

On the structure-counting form, a fibre as defined in D.2.1 shall be recorded by the designation "F". If the fibre is a
separately-counted part ot.a cluster or matrix, the fibre shall be recorded by the. designation "CF", or "MF",
depending on whether it is a component of a cluster or matrix. ..' • ; •

D.4.3 Bundles . . . . . .

On the structure-counting form, a bundle as defined in D.2.2 shall be recorded by the designation "B". If the bundle
is a separately-counted part of a cluster or matrix, the bundle shall be recorded by the designation "CB", or "MB",
depending on whether it is a component of a cluster or matrix. :
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i >'' /-°\ ••

Key
1 Scan direction
2 Do not count

3 Count
4 Grid opening

Figure D.4 — Example of counting of structures which intersect grid bars

1

Key

1 Scan direction
2 Count
3 TEM field of view

4 Do not count
5 Grid opening
6 Do not count

Figure D.5 — Example of counting of fibres which extend outside the field of view
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D.4.4 Disperse clusters (type D)

On the structure-counting form, an isolated cluster of type D as defined in D.2.3 shall be recorded by the
designation "CD", followed by a two-digit number. The first digit represents the analyst's estimate of the total
number of fibres and bundles comprising the structure. The digit shall be from 1 to 9, or designated as "+" if there
are estimated to be more than 9 component fibres or bundles. The second digit shall represent, in the same
manner, the total number of fibres and bundles longer than 5 urn contained in the structure. The overall dimensions
of the cluster in two perpendicular directions representing the maximum dimensions shall be recorded. In order of
decreasing length, up to five component fibres or bundles shall be separately recorded, using the codes "CF"
(cluster fibre) and "CB" (cluster bundle). V. after accounting for prominent component fibres and bundles, a group of
clustered fibres remains, this shall be recorded as "CR" (cluster residual). If the remaining clustered fibres are
present as more than one localized group, it may be necessary to record more than one cluster residual. Do not
record more than five cluster residuals for any cluster. A cluster residual shall be measured and assigned a two-digit
number, derived in the same manner as specified for the overall cluster. Optionally, if the number of component
fibres and bundles in either the original cluster or the cluster residual is outside of the range of 1 to 9. additional
information concerning the number of component fibres and bundles may be noted in the "comments" column.

D.4.5 Compact clusters (type C)

On the structure-counting form, an isolated cluster of type: C as defined in D.2.3 shall be recorded by the
designation "CC", followed by a two-digit number. The two-digit number describing the numbers of component fibres
and bundles shall be assigned in the;same manner as for clusters type D. The overall dimensions of the cluster in
two perpendicular directions shall be recorded in the same manner as for clusters type D. By definition, the
constitutent fibres and bundles of compact clusters cannot be separately measured, therefore no separate
tabulation of component fibres or bundles can be made.

DA6 Disperse matrices (type D)

On the structure counting form, an isolated matrix of type D as defined in D.2.4'shall be recorded by the designation
"MD", followed by a two-digit number. The two digit number shall be assigned in the same manner as for clusters
type D. The overall dimensions of the matrix in two perpendicular directions shall be recorded in the same manner
as for clusters type D. In order of decreasing length, up to five component fibres or bundles shall be separately
recorded, using the codes "MF" (matrix fibre) and "MB" (matrix bundle). If, after accounting for prominent
component fibres and bundles, matrix material containing asbestos fibres remains, this shall be recorded as "MR"
(matrix residual). If the remaining matrix fibres are present as more than one localized group, it may be necessary
to record more than one matrix residual. Do not record more than five matrix residuals for any matrix. A matrix
residual shall be measured and assigned a two-digit number, derived in the same manner as specified for the
overall matrix. Optionally, if the number of component fibres and bundles in either the original matrix or the matrix
residual is outside of the range of 1 to 9, additional information concerning the number of component fibres and
bundles may be noted in the "comments" column.

D.4.7 Compact matrices (type C)

On the structure counting form, an isolated matrix of type C as defined in D.2.4 shall be recorded by the designation
"MC", followed by a two-digit number. The two-digit number shall be assigned in the same manner as for clusters
type D. The overall dimensions of the matrix in two perpendicular directions snail be recorded in the same manner
as for clusters type D. By definition-, the constituent fibres and bundles of compact matrices cannot be separately
measured, therefore no separate tabulation of component fibres or bundles can be made.

D.4.8 Procedure for recording partially obscured fibres and bundles

The proportion of the length of a fibre or bundle that is obscured by other participates shall be used as the basis for
determining whether a fibre or bundle is to be recorded as a separate component or is to be considered a part of a
matrix type C or a part of a matrix residual. If the obscured length could not pos: !>ty be more than one-third of the
total length, the fibre or bundle shall be considered a prominent feature to be separately recorded. The assigned
length for each such partially-obscured fibre or bundle shall be equal to the visible length plus the maximum
possible contribution from the obscured portion. Fibres or bundles which appear to cross the matrix, and for which
both ends can be located approximately, shall be included in the maximum count of five and recorded according to
the counting criteria as separate fibres or bundles. If the obscured length could be more than one-third of the total
length, the fibre or bundle shall be considered as a part of a compact matrix type C or part of a matrix residual.
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D.5 Special considerations for counting PCM-equivalent structures

Use 3:1 as the minimum aspect ratio for counting PCM-equivalent structures. This aspect ratio definition is required
in order to achieve comparability of the results for this size range of structure with historical optical measurements,
but use of this aspect ratio definition does not significantly affect the ability to interpret the whole fibre size
distribution in terms of a minimum 5:1 aspect ratio. Some applications may require that a count be made of PCM-
equivalent structures only. The coding system permits discrimination between PCM-equivalent structures that
contain fibres.and bundles longer than 5 urn and those that do not.

NOTE In general, clusters and matrices will yield fewer components as the minimum dimensions specified for countable
fibres are increased. Thus it may be found that a particular structure yields a higher number of component fibres in a count for
all fibre sizes, jhan it does at a reduced magnification when only fibres and bundles longer than 5 pm are being counted.
However, the requirement that component fibres and bundles be recorded in order of decreasing length ensures that the data
are consistent for a particular structure, regardless of the size category of fibres being counted and the magnification in use.

D.6 Special considerations for estimation of the mass concentration of asbestos fibres
and bundles

. If the primary .objective of the analysis is to estimate the mass concentration, it is necessary to adopt a structure-
counting strategy that allows large structures that contribute most to the mass concentration to be counted with
greater statistical reliability. The number of structures that must be counted in order to achieve a reliable estimate of

- the mass concentration depends primarily on the range of diameter .distribution. The mass concentration
measurement is most sensitive to fibres and bundles of large diameters, which are generally statistically infrequent
relative to the smaller fibres and bundles. If the diameter distribution is narrow, such' as that found in a dispersion of
chrysotile fibrils, the mass concentration can be measured with approximately the same precision as that of the
numerical concentration. If the diameter distribution is broad, mass concentration estimates derived from TEM.
examinations to determine numerical concentrations are statistically unreliable. The strategy specified below is
designed to give greater statistical significance to the large structures, which -contribute most to the mass
concentration.

Initially, establish the largest width of asbestos fibre or bundle that can be detected on the grid by a cursory survey,
at a reduced magnification, of approximately 50 grid openings. Calculate the volume of this structure. Adjust the
magnification of the TEM to a value such that a width of 1 mm on the fluorescent screen corresponds to
approximately 10 % of the width of the previously-selected large structure. Carry out a routine TEM examination at
this magnification, terminating the examination at the end of the grid opening on which the integrated volume of all
structures recorded is at least 10 times the volume of the orginally-selected structure. For asbestos structures which
intercept the grid bars, measure only the unobscured parts of the fibres and bundles within'the grid opening, for the
purposes of calculation of the mass concentration of asbestos. Disregard the procedure indicated in D.3.1 and
Figure D.4. .
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Annex E
(normative)

Fibre identification procedure

E.1 Introduction

The criteria used for identification of asbestos fibres may be selected as a function .of the intended use of the
measurements. In some circumstances, there can be a requirement that fibres shall be unequivocally identified as a
specific mineral species. In other circumstances there can be sufficient knowledge about the sample that rigorous
identification of each fibre need not be carried out. The time required to perform the analysis, and therefore the cost
of analysis, can vary widely depending on the identification criteria which are considered to be sufficiently definitive.
The combination of criteria considered definitive for identification of fibres in a particular analysis shall be specified
before the analysis is made, and this combination of criteria shall be referred to as the "Level" of analysis. Various
factors related to instrumental, limitations, and the character of the sample .may prevent satisfaction of all of the
specified fibre identification criteria for a particular fibre. Therefore, a record shall be made of the identification
criteria which were satisfied for each suspected asbestos fibre included in the analysis. For example, if both EO and
EDXA were specified to be attempted, for definitive identification of each fibre, .fibres with chrysolite morphology
which, for some reason, do not give an ED pattern but which do yield an EDXA spectrum corresponding to
chrysotile, are categorized in a way which conveys the level of confidence to be placed in the identification.

E.2 ED and EDXA techniques : . •

E.2.1 General

Initially, classify fibres into two categories on the basis of morphology: those fibres with tubular morphology, and
those fibres without tubular morphology. Conduct further analysis of each fibre using ED and EDXA methods. The
following procedures should be used when fibres are examined by ED and EDXA.

The crystal structures of some mineral fibres, such as chrysotile. are easily damaged by the high current densities
required for EDXA examination. Therefore, investigation of these sensitive fibres1 by ED shall be completed before
attempts are made to obtain EDXA spectra from the fibres. When more stable fibres, such as the amphiboles, are
examined, EDXA and ED may be used in either order.

E.2.2 ED techniques

The ED technique can be either qualitative or quantitative. Qualitative ED consists of visual examination, without
detailed measurement, of the general characteristics of the ED pattern obtained.on the TEM viewing screen from a
randomly oriented fibre. ED patterns obtained from fibres with cylindrical symmetry, such as chrysotile, do not
change when the fibres are tilted about their axes, and patterns from randomly oriented fibres of these minerals can
be interpreted quantitatively. For fibres which do not have cylindrical symmetry, only those ED patterns obtained
when the fibre is oriented with a principal crystallographic axis closely parallel with the incident electron-beam
direction can be interpreted quantitatively. This type of ED pattern shall be referred to as a zone-axis ED pattern. In
order to interpret a zone-axis ED pattern quantitatively, it shall be recorded photographically and its consistency with
known mineral structures shall be checked. A computer program may be.used to compare measurements of the
lone-axis ED pattern with corresponding data calculated from known mineral structures. The zone-axis ED pattern
obtained by examination of a fibre in a particular orientation can be insufficiently specific to permit unequivocal
identification of the mineral fibre, but it is often possible to tilt the fibre to another angle and to record a different ED
pattern corresponding to another zone-axis. The angle between the two zone-axes can also be checked for
consistency with the structure of a suspected mineral.

For visual examination of the ED pattern, the camera length of the TEM should be set to a low value of
approximately 250 mm and the ED pattern then should be viewed through the binoculars. This procedure minimizes
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the possible degradation of the fibre by the electron irradiation. However, the pattern is distorted by the tilt angle of
the viewing screen. A camera length of at least 2 m should be used when the ED pattern is recorded, if accurate
measurement of the pattern is to be possible. It is necessary that, when obtaining an ED pattern to be evaluated
visually or to be recorded, the sample height shall be properly adjusted to the eucentric point and the image shall be
focussed in the plane of the selected area aperture. If this is not done there may be some components of the ED
pattern which do not originate from the selected area. In general, it is necessary to use the smallest available ED
aperture.

For accurate measurements of the ED pattern, an internal calibration standard shall be used. Apply a thin coating of
gold, or other suitable calibration material, to the underside of the TEM specimen. This coating may be applied
either by vacuum evaporation or, more conveniently, by sputtering. The polycrystalline gold film yields diffraction
rings on every ED pattern and these rings provide the required calibration information.

To form an ED pattern, move the image of the fibre to the centre of the viewing screen; adjust the height of the
specimen to the eucentric position, and insert a suitable selected area aperture into the electron beam so that the
fibre, or a portion of it, occupies a large proportion of the illuminated area. The size of the aperture and the portion of
the fibre shall be such that particles other than the one to be examined are excluded from the selected area.
Observe the Ed pattern through the binoculars. During the observation, the objective lens current should be
adjusted to the point where the most complete ED pattern is obtained. If an incomplete ED pattern is still obtained,

v move the particle around within the selected area to attempt to optimize the ED pattern, or to eliminate possible
interferences from neighbouring particles.

If a zone-axis ED analysis is to be attempted on the fibre, the sample shall be mounted in the appropriate holder.
The most convenient holder allows complete rotation of the.specimen grid and tilting of the grid about a single axis.

'Rotate the sample until the fibre image indicates that the fibre is oriented with its length coincident with the tilt axis of
•the goniometer, and adjust the sample height until the fibre is at the eucentric position. Tilt the fibre until an ED
appears which is a symmetrical, two dimensional array of spots. The recognition of zone-axis alignment conditions
requires some experience on the part of the operator. During tilting of the fibre to obtain zone-axis conditions, the
manner in which the intensities of the spots vary should be observed. If weak reflections occur at some points on a
matrix of strong reflections, the possibility of twinning or multiple-,diffraction exists, and some caution should be
exercised in the selection of diffraction spots for measurement and interpretation. A full discussion of electron
diffraction and multiple diffraction can be found in the references by Card. Hirsch ef a/., and WenK in the
Bibliography. Not all zone-axis patterns which can be obtained are definitive. Only those which have closely-spaced
reflections corresponding to low indices in at least one direction should be recorded. Patterns in which all
</-spacings are less than about 0,3 nm are not definitive. A useful guideline is that the lowest angle reflections
should be within the radius of the first gold diffraction ring (111). and that patterns with smaller distances between
.reflections are usually the most definitive. • ..

Five spots, closest to the centre spot, along two intersecting lines of the zone-axis pattern shall be selected for
measurement, as illustrated in Figure E.1. The distances of these spots from the centre spot and the four angles
shown provide the required data for analysis. Since the centre spot is usually very over-exposed, it does not provide
a well-defined origin for these measurements. The required distances shall therefore be obtained by measuring
between pairs of spots symmetrically disposed about the centre spot, preferably separated by several repeat
distances. The distances must be measured with a precision of better than 0,3 mm, and the angles to a precision of
better than 2,5°^The diameter of the first or second ring of the calibration pattern (111 and 200) must also be
measured with a'precision of better than 0,3 mm.

Using, gold as the,.calibration material, the radius-based camera constant is given by:

A-i. = 0,11774D mrn-nm (first ring)

X-L = 0,10197Dmm-nm (second ring) " . .

E.2.3 EDXA measurements

Interpretation of .the EDXA spectrum may be either qualitative or quantitative. For qualitative interpretation of a
spectrum, the X-ray peaks originating from the elements in the fibre are recorded. For quantitative interpretation, the
net peak areas, after background subtraction, are obtained for the X-ray peaks originating from the elements in the
fibre. This method provides quantitative interpretation for those minerals which contain silicon.
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Figure E.1 — Example of measurement of five spots in zone-axis SAED patterns

To obtain an EDXA spectrum, move the image of the fibre to the centre of the screen-and remove the objective
aperture. Select an'appropriate electron beam diameter and deflect the beam so that it impinges on the fibre.
Depending on the instrumentation, it may be necessary to tilt the specimen towards the X-ray detector and, in some
instruments, to use a scanning transmission electron microscopy (STEM) mode of operation.

The time for acquisition of a suitable spectrum varies with the fibre diameter, and also with instrumental factors. For
quantitative interpretation, spectra should have a statistically valid number of counts in each peak. Analyses of
small-diameter fibres which contain sodium are the most critical; since it is in the low energy range that the X-ray
detector is least sensitive. Accordingly, it is necessary to acquire a spectrum over a sufficiently long period that the
presence of sodium can be detected in such fibres. It has been found that satisfactory quantitative analyses can be
obtained if acquisition is continued until the backgound-subtracted silicon Ka peak integral exceeds 10 000 counts.
The. spectrum should then be manipulated to subtract the background and to obtain the net areas of the elemental
peaks.

After quantitative EOXA classification of some fibres by computer analysis of the net peak areas, it may be possible
to classify further fibres in the same sample on the basis of comparison of spectra at the instrument. Frequently,
visual comparisons can be made after somewhat shorter acquisition times: '

E.3 Interpretation of fibre analysis data

E.3.1 Chrysotile

The morphological structure of chrysotile is characteristic, and with experience,, can be recognized readily.
However, a few other minerals have similar appearance, and morphological observation by itself is inadequate for
most samples. The EO pattern obtained - from chrysotile is .juite specific .for, this mineral if the specified
characteristics of the pattern correspond to those from reference chrysotile. However, depending on the past history
of the fibre, and on a number of other factors, the crystal structure of a particular fibre may be damaged, and it may
not yield an EO pattern, in this case, the. EDXA spectrum may. be the .only data available to supplement the
morphological observations.
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E.3.2 Amphiboles

Since the fibre identification procedure for asbestos fibres other than chrysotile can be involved and
time-consuming, computer programmes such as that developed by Rhoades (see Bibliography) are recommended
for interpretation of zone-axis ED patterns. The published literature contains composition and crystallographic data
for all of the fibrous minerals likely to be encountered in TEM analysis of air samples, and the compositional and
structural data from the unknown fibre should be compared with the published data. Demonstration that the
measurements are consistent with'the data for a particular test mineral does not uniquely identity the unknown,
since the possibility exists that data from other minerals may also be consistent. It is, however, unlikely that a
mineral of another structural class could yield data consistent with that from an amphibole fibre identified by
quantitative EDXA and two zone-axis ED patterns.

Suspected amphibole fibres should t-s classified initially on the basis of chemical composition. Either qualitative or
quantitative EDXA information may ne used as the basis for this classification. From the published data on mineral
compositions, a list of minerals which are consistent in composition with that measured for the unknown fibre should
be compiled. To proceed further, it is necessary to obtain the first zone-axis ED pattern, according to the
instructions in E.2.2.

It is possible to specify a particular zone-axis pattern for identification of amphibole, since a few patterns are often
considered to be characteristic. Unfortunately, for a fibre with random orientation on a TEM grid, no specimen
holder and goniometer currently available will permit convenient and rapid location of two preselected zone-axes.
The most practical approach has been adopted, which-is to accept those low index patterns which are easily
obtained, and then to test their consistency with the structures of the minerals already preselected cm the basis of

• the EDXA data. Test the structures of non-amphibole .minerals in this preselected list against the zone-axis data
^obtained for. the unknown fibre, since non-amphibole minerals in some orientations may yield similar patterns
consistent with amphibole structures.

The zone-axis ED interpretation shall include all minerals previously selected from the mineral data file as being
chemically compatible with the EDXA data. This procedure usually shortens the list of minerals for which solutions
have been found. A second set of zone-axis data from another pattern obtained on the same fibre can then be
processed, either as further confirmation of the identification, or to attempt elimination of an ambiguity. In addition,
the angle measured between the- orientations of the two zone-axes can be checked for consistency with the
structures of the minerals. Caution should be exercised in rationalizing the inter-zone axis angle, since if the fibre
contains c-axis twinning the two zone-axis ED patterns may originate from the separate twin crystal!;. In practice,
the full identification procedure will normally be applied to very few fibres, unless for a particular reason precise
identification of all fibres is required.

E.4 Fibre classification categories

It is not always possible to proceed to a definitive identification of a fibre; this may be due to instrumental limitations
or to the actual nature of the fibre. In many analyses a definitive identification of each fibre may not actually be
necessary if there is other knowledge available about the sample, or if the concentration is below a level of interest -
The analytical procedure must therefore take account of both instrumental limitations and varied analytical
requirements^ Accordingly, a system for fibre classification is used to permit accurate recording of data. The
classifications are.shown in Tables E.1 and E.2. and are directed towards identification of chrysotile and amphibole
respectively. Fibres shall be reported in these categories.

The general principle to be followed in this analytical procedure is first to define the most specific fibre classification
which is to be attempted, or the 'lever of analysis to be conducted. Then, for each fibre examined, record the
classification which is actually achieved. Depending on the intended use of the results, criteria for acceptance of
fibres as "ider.nfied" can then be established at any time after completion of the analysis.

In an unknown sample, chrysotile shall be regarded as confirmed only if a recorded, calibrated ED pattern from one
fibre in the CD categories is obtained, or if measurements of the ED pattern are recorded at the instalment.
Amphibole shall be regarded as confirmed only by obtaining recorded data which yields exclusively amphibole
solutions for fibres classified in the AZQ, AZZ or AZZQ categories.. .
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Table E.1 — Classification of fibres with tubular morphology

TM - Tubular Morphology, not sufficiently characteristic for classification as chrysotile

CM - Characteristic Chrysotile Morphology

CD - Chrysotile SAEQ pattern

CQ - Chrysotile composition by Quantitative EOXA .

CMQ - Chrysotile Morphology and composition by Quantitative EDXA

CDQ - Chrysotile SAEQ pattern and composition by Quantitative EDXA

NAM - tJon-Asbestos Mineral

Table E.2 — Classification of fibres without tubular morphology

UF - Unidentified Fibre

AD - Amphibole by random-orientation SAEQ (shows-layer pattern of 0,53 nm spacing)

AX - Amphibole by qualitative EDXA. Spectrum has elemental components consistent with amphibole

ADX - Amphibole by random-orientation SAEQ and qualitative EDXA

AQ - Amphibole by Quantitative EDXA

AZ - Amphibole by one Zone Axis SAED pattern

ADQ • Amphibole by random orientation SAED and Quantitative EDXA

AZQ - Amphibole by one Zone Axis SAED pattern and Quantitative EDXA

AZZ - Amphibole by two Zone Axis SAED patterns with consistent interaxial angle

AZZQ - Amphibole by (wo Zone Axis SAED patterns, with consistent interaxial angle, and Quantitative EDXA

NAM - Non-asbestos Mineral

E.4.1 Procedure for classification of fibres with tubular morphology, suspected to be chrysotile

Occasionally, fibres are encountered which have tubular morphology similar to that of chrysotile. but which cannot
be characterized further either,by ED'or EDXA/ They can be non-crystalline, in which case ED techniques are not
useful, or they can be in a position on the-grid which does not-permit1 an EDXA spectrum to be obtained.
Alternatively, the fibre can be of organic origin, but the morphology and composition may not be sufficiently definitive
that it can be disregarded. Accordingly. rNs necessary to record'each fibre, and to specify how confidently each
fibre can be. identified. Classification of fibres will meet with various degrees of success. Figure E.2 shows the
classification procedure which shall be used for fibres which display any tubular morphology. The chart is self-
explanatory, and every fibre is either rejected as a non-asbestos mineral (NAM), or classified in some way which by
some later criterion could still contribute to the chrysotile fibre count.

Morphology is the first consideration, and if this is not similar to that usually seen in chrysotile standard samples,
designate, the initial classification as TM. Regardless: of the doubtful morphology, examine the fibre by ED and
EDXA methods according to Figure E.2. Where the morphology is more definitive, it may be possible to classify the
fibre as having chrysotile morphology (CM).

48



olSO ISO 13794:1999(E)

FIBRE WfTH TUBULAR MORPHOLOGY
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Figure E.2 — Classification chart for fibre with tubular morphology
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For classification as CM. the morphological characteristics required are:

a) the individual fibrils have high aspect ratios, exceeding 5:1, and are about 30 nm to 40 nm in diameter

b) the electron-scattering power of the fibre at 60 kV to 100 kV accelerating potential is sufficiently low for internal
structure to be visible; and.

c) there is some evidence of internal structure suggesting a tubular appearance similar to that shown by reference
UICC chrysolite, which may degrade in the electron beam.

Examine every fibre having these morphological characteristics by the ED technique, and classify as chrysotile by
ED (CD) only those which give diffraction patterns with the precise characteristics shown in Figure E.3. The relevant
features in this pattern for identification of chrysotile are as follows: . • '

a) the (002) reflections shall be examined to determine that they correspond closely to a spacing of 0,73 nm;

b) the layer line repeat distance corresponds to 0.53 nm; and.

c) there is "streaking" of the (110) and (130) reflections.

Using the millimetre calibrations on the.TEM viewing screen, these observations can readily be made at the
.instrument. If documentary proof of fibre identification: is-required, record a TEM micrograph of at least one
representative fibre, and record its ED pattern on a separate film or plate. This film or plate shall also carry
calibration rings from a known polycrystalline substance, such as gold. This calibrated pattern is the only
documentary .proof that the particular fibre is chrysotile, and not some other tubular.or scrolled species such as
halloysite, palygorskite. talc or vermiculite. The proportion of fibres which can be successfully identified as chrysotile
by ED is variable, and to some extent dependent on both the instrument and the procedures of the operator. The
fibres that fail to yield an identifiable ED pattern will remain in the TM or CM categories unless they are examined by
EDXA.

In the EDXA analysis of chrysotile there are only two elements which are relevant. For fibre classification, the EDXA
analysis shall be quantitative. If the spectrum displays prominent peaks from magnesium and silicon, with their
areas in the appropriate ratio, and with only minor peaks from other elements, classify the fibre as chrysotile by
quantitative EDXA, in the categories CQ, CMQ, or CDQ, as appropriate.

°02

Figure E.3 — Chrysotile SAED pattern
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E.4.2 Procedure for classification of fibres without tubular morphology, suspected to be
amphibole

Every particle without tubular morphology and which is not obviously of biological origin, with an aspect ratio of 5:1
or greater, and having parallel or stepped sides, shall be considered as a suspected amphibole fibre. Further
examination of the fibre by EO and EDXA techniques will meet with a variable degree of success, depending on the
nature of the fibre and on a number of instrumental limitations. It is not possible to identify every fibre completely,
even if time and.cost are of no concern. Moreover, confirmation of the presence of amphibole can be: achieved only
by quantitative interpretation of zone-axis EO patterns, a very time-consuming procedure. Accordingly, for routine
samples from 'unknown sources, this-analytical procedure limits the requirement for zone-axis ED work to a
minimum of one fibre representative of each compositional class reported. In some samples, it may be necessary to
identify more fibres by the zone-axis technique. When analyzing samples from well-characterized sources, the cost
of identification by zone-axis methods may not be justified.

The 0,53 nm layer spacing of the random-orientation ED pattern is not by itself diagnostic for amphibole. However,
the presence of c-axis twinning in many fibres leads to contributions to the layers in the patterns by several
individual parallel crystals of different axial orientations. This apparently random positioning of the spots along the
layer lines, if also associated with a high fibre aspect ratio, is a characteristic of amphibole asbestos, and thus has
some limited diagnostic value. If a pattern of this type is not obtained, the identity of the fibre is still ambiguous,

; since the absence of a recognizable pattern can be a consequence of an unsuitable orientation relative to the
electron beam,-or the fibre can be some other mineral species.

" Figure E.4 shows the fibre classification chart which.shall be used for suspected amphibole fibres. This chart.shows
all the classification paths possible in analysis of a suspected amphibole fibre, when examined systematically by ED
and EDXA. Two routes are possible, depending on whether an attempt to obtain an EDXA spectrum or a random-

•" orientation ED pattern is made first. The normal procedure for analysis of a sample of unknown origin is to examine
the fibre by random-orientation ED. qualitative EDXA, quantitative EDXA, and zone-axis ED, in this sequence. The
final fibre classification assigned is defined either by successful analysis at the maximum required level, or by the
instrumental limitations. Any instrumental limitations which affect the quality of the results shall be noted. Record the
maximum classification achieved for each fibre on the counting sheet in the appropriate column. The various
classification categories can then be combined later in any desired way for calculation of the fibre concentration.
The complete record of the results obtained when attempting to identify each fibre can also be used to re-assess
the data if necessary.

In the unknown sample, zone-axis analysis will be required if the presence of amphibole is to be unequivocally
confirmed. For this level of analysis, attempt to raise the classification of every suspected amphibole fibre to the
ADQ category by inspection of the random orientation ED pattern and the EDXA spectrum. In addition, examine at
least one fibre from each type of suspected amphibole found by zone-axis methods to confirm their identification. In
most cases, because information exists about possible sources of asbestos in close proximity to the air sampling
location, some degree of ambiguity of identification can be accepted. Lower levels of analysis can therefore be
accepted for these situations.
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FIBRE WITHOUT TUBULAR MORPHOLOGY
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Figure E.4 — Classification chart for fibre without tubular morphology
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'Annex F
(normative)

Determination of concentrations of asbestos Fibres and bundles longer than
5 ^m, and of PCM-equivalent asbestos fibres

In order to provide increased statistical precision and improved analytical sensitivity for those asbestos fibres and
bundles longer than 5 pm, it may be decided to perform additional fibre counting at a lower magnification, taking
account only of fibres and bundles within this dimensional range. The result shall be specified as "asbestos fibres
and bundles longer than 5 pm". For this examination, use a magnification of approximately 10 OOOx, and continue
to assign a morphological code to each structure according to the procedures in annex D. Record fibres and
bundles only if their lengths exceed 5 pm. Record cluster and matrix components only if their lengths exceed 5 pm.

It may also be decided to provide increased statistical precision and improved analytical sensitivity for fibrous
structures longer than 5 pm that have diameters between 0,2 pm and 3,0 pm, which have historically been the basis
of risk estimation in the occupational environment (PCM-equivalent asbestos fibres). Use a magnification of
approximately 5 OOOx for this extended fibre count. The result, shall be specified as "PCM-equivalent asbestos
fibres". Asbestos structures within this dimensional range do not necessarily incorporate asbestos fibres or bundles
longer than 5 pm.

Continue the extended sample examination until 100 asbestos structures have been counted, or unlil a sufficient
area of the specimen has been examined to achieve the desired analytical sensitivity calculated according to
Table 1. The grid openings examined shall be divided approximately equally between a minimum of two specimen
grids. . •.. . . • •

NOTE The specimen area corresponding to the area of filter examined in the PCM fibre-counting methods is 0,785 mm2,
and is equivalent to approximately 100 grid openings of a 200 mesh grid.

Some national standards require that asbestos fibres longer than 2,5 pm, with diameters between 0.2 pm and 3,0 pm be
counted. Use a magnification of 5 OOOx. for counting fibres within these dimensional ranges.

The minimum aspect ratio for definition of a fibre in PCM fibre-counting methods and in some national standards is 3:1. Use of
a 3:1 aspect ratio is permitted in this International Standard, if this aspect ratio is specified in the test report.

The test reports shall include all of the items specified in clause 10.
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Annex G
(normative)

Calculation of results

G.1 Introduction

Calculate the results using the procedures described below. The results can be conveniently calculated using a
computer program. ,

G.2 Test for uniformity of distribution of fibrous structures on TEM grids

A check shall be made using the chi-squared test, to determine whether the asbestos structures found on individual
grid openings are randomly and' uniformly distributed among the grid openings. If the total number found in k grid
openings is n. and the areas of the * individual grid openings are designated X, to Ak, then the total area of TEM
specimen examined is:

/-*

The fraction of the total area examined which is represented by the individual grid opening area. p{, is given by AJA.
If the structures are randomly and uniformly dispersed ever the k grid openings examined, the expected number of
structures falling in one grid opening with area A/ is n • />,-. If the observed number of structures found on that grid
opening is n/, then: " •

2 _ y «,--"• p?
~ M " • * • • • • • • •

This value shall be compared with significance points of the x2 distribution, having (k - 1) degrees of freedom.
Significance levels lower than 0,1 % may be cause for the sample analysis to be rejected, since this corresponds to
a very heterogeneous deposit If the structure count fails this test, the precision of the result will be uncertain. The
precision of the result may be improved by examination of additional grid openings. Inhomogeneous deposits of
paniculate occur either as a result of incomplete dispersal of the residues after ashing, or during filtration of the
aqueous dispersions. Accordingly, the optimum approach is to prepare new TEM specimens from the original
sample collection filter. •

G.3 Calculation of the analytical sensitivity

Calculate the analytical sensitivity J, in structures/litre; using the formula:

where

S is the required analytical sensitivity, expressed in structures/litre;

Aa is the active area, expressed in square millimetres (mm2), of analytical filter,

54



OISO ISO 13794:1999(E)

v$ is the volume of water, expressed in millilitres (ml), used for dispersal of residual ash;

k is the number of grid openings examined; •

Ag is the area, expressed in square millimetres (mm2). of TEM specimen grid opening;

PI is the volume, expressed in millilitres (ml), of aqueous dispersion filtered;

Fa is the fraction of sample collection filter ashed;

ys is the volume, expressed in litres (I), of air sampled. •.

G.4 Calculation of the mean and confidence interval of the structure concentration

G.4.1 General

In the structure count made according to this International Standard, a number of grid openings have been sampled
from a population of grid openings, and the mean grid opening structure count for the population shall be
determined on the basis of this small sample. The interval about the sample mean, which, with 95 % confidence,

. contains the population mean, is also required.

G.4.2 Calculation of the mean structure concentration

Calculate the mean structure concentration, C, in structures/litre:

C = S-n

where

S is the analytical sensitivity, expressed in structures/litre; '

n is the total number of structures found on all grid openings examined.

G.4.3 Calculation of confidence intervals

The distribution of structures on the grid openings should theoretically approximate to a Poisson distribution.
Because of fibre aggregation and size-dependent identification effects, the actual structure counting data often does
not conform to the Poisson distribution, particularly at high structure counts. An assumption that the structure-
counting data are distributed according to the Poisson distribution can therefore lead to confidence intervals .
narrower than are justified by the data. Moreover, if the Poisson distribution is assumed, the variance is related only
to the total number of structures counted. Thus a particular structure count conducted on one grid opening is
considered to have the same confidence interval as that for the same number of structures found on many grid
openings. However, the area of sample actually counted is very small in relation to the total area of the filter, and for
this reason structures shall be counted on a minimum of four grid openings taken from different areas of the filter in
order to ensure that a representative evaluation of the deposit is made.

At high structure counts, where there are adequate numbers of structures per grid opening to allow a sample
estimate of the variance to be made, the distribution can be approximated to a Gaussian, with independent values
for the mean and variance. Where the sample estimate, of variance exceeds that implicit in the Poissonian
assumption, use of Gaussian statistics with the variance defined by the actual data is the most 'Conservative
approach to calculation of confidence intervals.

At low structure counts, it is not possible to obtain a reliable sample estimate of the variance, and tho distribution
also becomes asymmetric but not necessarily Poissonian. For 30 structures and below, the distribution becomes
sufficiently asymmetric that the fit to a Gaussian is no longer a reasonable one, and estimates of sample variance
are unreliable. Accordingly, for counts below 31 structures, the assumption of a Poisson distribution shall be made
for calculation of the confidence intervals.
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G.4.4 Example of calculation of Poissonian confidence intervals

For total structure counts less than four, the lower 95 % confidence limit corresponds to less than one structure.
Therefore, it is not meaningful to quote lower confidence interval points for structure counts of less than four, and
the result shall be specified as "less than" the corresponding one-sided upper 95 % confidence limit of the Poisson
distribution. These are as follows:

0 structures: 2,99 times the analytical sensitivity

one structure: 4.74 times the analytical sensitivity

two structures: 6,30 times the analytical sensitivity

three structures: 7,75 times the analytical sensitivity

For total counts exceeding four, the 95 % confidence interval shall be calculated using the values shown in
Table G.1. Table G.1 gives the upper and lower limits of the two-sided Poissonian 95% confidence interval for
structure counts up to 470.

6.4.5 Example of calculation of Gaussian 95 % confidence intervals

Calculate the sample estimate of variance s2 as follows:

- -

where

n,- is the number of structures on the «*th grid opening;

n is the total number of structures found in k grid openings;

P, is the fraction of the total area examined represented by the fthgrid opening;

* is the number of grid openings.

If the mean value of the structure count is calculated to be n, the upper and lower values of the Gaussian 95 %
confidence interval are given by: " . . . • • ' •

where . . .

n t-s .
' " '

«u is the upper 95 % confidence limit;

nL is the lower 95 % confidence limit; '•' \

n is the total number of structures in all grid openings examined;

/ is the value of Student's V (probability 0.975) for (*-1) degrees of freedom;

j is the standard deviation (square root of sample estimate of variance);

k is the number of grid openings.
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G.5.3 Calculation of structure-width cumulative number distribution

This distribution allows the fraction of the total number of structures either narrower or wider than a given width to
be determined. It is calculated in a manner similar to that used in G.5.2. but using the structure widths.

G.5.4 Calculation of structure aspect-ratio cumulative number distribution

This distribution allows the fraction of the total number of structures which have aspect ratios either smaller or larger
than a given aspect ratio to be determined. It is calculated in a manner similar to that used in G.5.2, but using the
structure aspect ratios.

G.6 Calculation of an estimate of mass concentration of asbestos fibres and bundles

An estimate of the mass concentration of asbestos fibres and bundles can be calculated from the results of a TEM
examination conducted according to the procedure specified in D.6. It is calculated using the relationship:

j-n

M = 0,25-'it-S- D-10"3- £M'/' Lj
j-i

where

M is the estimate of mass concentration of asbestos, expressed in nanograms per cubic metre (ng/m3);

5 is the analytical sensitivity, expressed in structures/litre;

Wj is the width of the/th structure, expressed in micrometres (urn);

Lj is the length of the/th structure, expressed in micrometres (pm);

D is the density of the variety of asbestos, expressed in kilograms per cubic metre (kg/m3);

n is the total number of asbestos fibres and bundles recorded in k grid openings

In the above relationship, assume the densities of the asbestos varieties to be as follows: chrysolite 2 550 kg/m3.
crocidolite 3 370 kg/m3. amosite 3 430 kg/m3, anthophyllite 3 000 kg/m3, tremolite 3 000 kg/m3, actinolite
3100kg/m3. Densities'of the asbestos varieties vary with composition, but the values specified are sufficiently
accurate for the purposes of this calculation.

NOTE The above calculation does not include contributions from compact clusters, compact matrices, cluster residuals or
matrix residuals, because the total volume of the constituent asbestos fibres in these structures cannot be estimated reliably.
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Table G.1 — Upper and lower limits of the Poissonian 95 % confidence interval of a count

Structure
count

0
1
2
3
4

5
6
7
8
9
10
.11
12
13

'. 14
: 15

16
17

: 18
19
20
21
22
23
24
25
26
27
2B
29 •
30 '
31
32
33
34
35
36
37
38'
39
40
41
42
43
44
45 .

Lower

0
0.025
0,242
0.619
1.090
1.624
2,202
2,814
3.454

4.115
4.795

5,491

6.201
6.922
7,654
8.396
9.146
.9.904
10,668
11.440
12.217
13.000
13.788
14,581
15.378
16.178
16.983
17.793
18.606
19.422
20.241
21.063
21.888
22.715
23.545
24.378
25.213
26.050
26.890
27,732
28.575
29,421
30,269
31.119
31.970
32.823

Upper

* 3.689
5.572
7.225
8.767
10.242
11,669
13,060
14,423
15,764
17.085
18.391
19.683
20.962
22.231
23,490
24.741
25.983
27.219
28.448
29.671
30.889
32.101
33.309
34.512
35,711
36,905
38,097
39,284
40.468
41,649
42.827
44.002
45.175
46.345 .
47.512
48.677
49.840
51.000
52.158
53.315

.54,469 .
55.622
56.772
57.921
59.068
60.214

Structure
count

46
47

48
49

. 50
51
52
53
54
55
56
57
58
59
60
61
62
63

.64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83 '"•'
84
85
86
87
88
89
90
91

Lower

33.678
,34.534
35.392
36.251
37.112
37.973
38,837

39,701
40.567
41.433
42.301
43.171
44,041
44,912
45.785
.46.658
47.533
48.409
49.286
50.164
51.042
51,922
52.803
53.685
54.567
55,451
56.335
57.220
58.106
58.993
59,880
60.768
61,657
6̂2.547
63.437
64.328
65.219
66.111
67.003
67.897
68.790
69,684
70,579
71.474
72.370
73.267

Upper

61.358
62.501
63,642
64.781
65.919
67,056
68.192
69.326
70.45:9
71.591
72.721
73.851
74.979
76,106
77,232
-78.357
79.482
80.605
81.727
82.848
83,969
85.088
86.207
87.324
88,441
89,557
90.673
91.787
92.901

" 94,014
95.126
96,237
97,348
98.458
99.567
100.68
101.79
102.90
104.00
105.11
106.21
107,32
108,42
109.53
110.63
111.73

Structure
count

92
93
94
95
96
97
98
99
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350 ,
360
370
380
390
400
410
420
430
440
450
460
470

Lower

74.164

75.061

75.959
76.858
77.757
78.657
79.557
80.458
81.360
90.400
99.490
108.61
117,77
126.96
136.17 .
145.41
154;66
163.94
173.24
182.56
191.89
201.24
210.60
219.97
229.36
238.75
248.16
257.58
267.01
276.45
285.90
295,36
304.82
314,29
323.77
333.26
342.75
352,25
361.76
371.27
380.79
390.32
399.85
409.38
418.92
428.47

Upper

112.83
113.94
115.04
116.14
117.24
118.34

. 119.44

120.53
121.66
132.61
143.52
154.39
165.23
176.04
186.83
197.59
208.33
219.05
229.75
240.43
251.10
261.75
272.39
283.01
293.62
304.23
314.82
325.39
335,96
346.52
357,08
367,62
378.15
368.66
399.20
409.71
420.22
430.72
441.21
451.69
462.18
472.65
483.12
493.58
504.04
514.50

The one-sided upper 95 % confidence limit for zero structures is 2,99.
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Annex H
(normative)

Test procedure to determine suitability of cellulose ester sample collection
filters

H.1 Introduction

The residue remaining after ashing of unused cellulose ester filters primarily consists of aggregates of small
particles of silica. This residue does not interfere with the analysis, other than imposing a limit on the degree of
concentration that can be achieved. The residue from some varieties of cellulose ester filter, in addition to these
small particles, also contains fragments of a silica film which originates from the surface of the original filter. The
majority of the particles originally on the surface of the filter are bonded together by this silica film, which shrinks to
a small area during the plasma ashing procedure. This fragment of silica film usually does not disperse completely
in water. The resulting TEM specimens exhibit a much reduced paniculate deposition on most of the grid openings,
which will lead to a serious negative bias in the result. A few large .fragments of silica film to which most of the
particles are attached may be observed on a few. of the grid, openings. Membrane filters which exhibit this type of
behaviour are unsuitable for use with this analytical method. Before air samples are collected, filters from the actual
lot number to be used shall be tested in order to ensure that they do not exhibit this defect.

H.2 Test procedure

The optimum method for testing the suitability of the cellulose ester filters is to compare specimen grids prepared by
the indirect-transfer procedure with grids prepared from the same filter using the direct-transfer procedure. The filter
used for this test shall have a uniform deposit of single asbestos fibres, collected by. air deposition, on its 'surface.
The performance of a filter is satisfactory if it yields a numerical recovery close to 100 % for the indirect-transfer
preparation, and also if no evidence of the effect described in H.1 is observed on the-grids prepared by the
indirect-transfer procedure. . . . " _ . . . . . ...

Alternatively, blank filters can be tested by the following procedure. Evaporate a film 5 nm to 10 rim thick of carbon .
onto approximately 5 cm2 of the uncollapsed cellulose ester filter to be. tested. Prepare a. Jaffe washer using a
3 cm x 3 cm piece of type 304 stainless steel woven cloth with approximately 8Q mesh repeats per centimetre. Add
dimethylformamide to the washer until the meniscus just contacts the underside of the mesh. Place the
carbon-coated filter portion on the mesh, with the carbon side facing upwards. After a .period of approximately 2 h,
using a pipette, remove the dimethylformamide and re-fill the Jaffe washer with new dimethylformamide. After a
further period of 2 h, remove the mesh supporting the carbon replica from the Jaffe washer and place it into a clean
50 ml borosilicate glass beaker. Allow the solvent on the mesh to evaporate. After the mesh is dry, cover the beaker
with aluminium foil and perforate the foil as specified in clause 10. Ash the carbon replica in (he same way as
specified for ashing of filters in clause 10. The particulate residues from the carbon replica remain loosely attached
to the stainless steel mesh after this operation. Leaving the stainless steel mesh in the beaker throughout, prepare
TEM specimen grids'' by the procedure specified in clause 10 for analysis of blank filters. Examine the TEM
specimens for the presence of tabular particles, from which the EDXA spectrum exhibits only a Si Ka peak. If the
concentration of such tabular particles is more than 100 particles/mm2, the filters are unsatisfactory for use with this
analytical method.
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.Annex I
(informative)

Strategies for collection of air samples

1.1 Introduction

An important part of the sampling strategy is a statement of the purpose of the sampling programme. A sufficient
number of samples should be collected so that the site is well characterized to the precision and accuracy desired,
and also ensure that sample filters appropriately-loaded for TEM analysis are obtained from all of the sampling
locations.

>l.2 Air sample collection in the outdoors environment

Weather conditions restrict the ability to collect satisfactory air samples in the outdoors environment, and whenever
' possible, sampling should be carried out in low-wind, low-humidity conditions. Detailed records of the weather
''•conditions, wind speed and direction during the-sampling period should be made.'All available information

concerning local topography, and the types and positions of sources, should be recorded.

Sequential multipoint sampling is necessary to provide adequate characterization of complex sites and sources. It is
recommended that multiple samples be taken upwind and downwind of the site, with a minimum of two samples in
the downwind position expected to experience the maximum airborne concentration. The locations of the samplers
should be carefully recorded.

1.3 Air sample collection inside buildings

Air samples are often collected inside buildings in which asbestos-containing construction materials are present, in
order to determine whether these materials contribute to the asbestos concentration in the building atmosphere.
The optimum positions for collection of air samples can be determined only after a complete survey of the building
to establish air movement patterns. Multiple samples should be collected in the area where'asbestos building
materials are present, and control samples should be collected in an adjacent area where no airborne asbestos
fibres would be expected. The intakes for air-conditioning systems are frequently used as the control sample
collection locations. Whenever possible, static samples should be taken over a period exceeding 4 h during normal
activity in the building, at face velocities of between 4 c.rn/s and 70 cm/s.
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ASBESTOS and OTHER FIBERS by PCM 7400

Various MW: Various CAS: Various RTECS: Various

METHOD: 7400, Issue 2 EVALUATION: FULL Issue 1: Rev. 3 on 15 May 1989
Issue 2: 15 August 1994

OSHA: 0.1 asbestos liber (> 5 pm long)/cc;
1 f/cc/30 mln excursion; carcinogen

MSHA: 2 asbestos fibers/cc
NIOSH: 0.1 f/cc (fibers > 5 pm kngJMOO L: carcinogen
ACGIH: 0.2 crocldolite; 0.5 amoslte; 2 chrysolite and other

asbestos, fibers/cc; carcinogen

PROPERTIES: solid, fibrous, crystalline, anisotropic

SYNONYMS [CAS #]: actinollte [77536-66-4] or ferroactindite [15669-07-5]; amoslte [12172-73-5]; anthophylllte [77536-67-5];
chrysotile [12001-29-5]; serpentine [187.86-24-8]; crocldolite [12001-28-4]; tremdite [77536-68-6]; amphibole asbestos [1332-21-4];
refractory ceramic fibers 1142844-00-6]; fibrous glass.

SAMPLING MEASUREMENT

SAMPLER: FILTER
(0.45- to 1.2-pm cellulose ester membrane, 25-
mm; conductive cowl on cassette)

FLOW RATE*: 0.5 to 16 L/min

VOL-MIN* : 400 L @ 0. 1 fiber/cc
-MAX*: (step 4, sampling)

'Adjust to glva 100 to 1300 fiber/mm2

SHIPMENT: routine (pack to reduce shock)

SAMPLE
STABILITY: stable

BLANKS: 2 to 10 field blanks per set

ACCURACY

RANGE STUDIED: 80 to 100 fibers counted

BIAS: See EVALUATION OF METHOD

OVERALL PRECISION (8̂ :0.115 to 0.13 [1]

ACCURACY: See EVALUATION OF METHOD

TECHNIQUE:

ANALYTE:

SAMPLE
PREPARATION:

COUNTING
RULES:

EQUIPMENT:

CALIBRATION:

RANGE:

ESTIMATED LOD:

PRECISION (Sr):

LIGHT MICROSCOPY, PHASE
CONTRAST

fibers (manual count)

acetone - collapse/triacetln - Immersion

described In previous version of this
method as "A" rules [1,3]

1 . positive phase-contrast microscope
2. Walton-Beckett graticule (1 00-pm field

of view) Type G-22
3. phase-shift test slide (HSE/NPL)

HSE/NPL test slide

100 to 1300 fibers/mm2 filter area

7 fibers/mm2 filter area

0.10 to 0.12 [1]; see EVALUATION OF
METHOD

APPLICABILITY: The quantitative working range Is 0.04 to 0.5 fiber/cc for a 1000-L air sample. The LOD depends on sample volume
and quantity of Interfering dust, and Is <0.01 fiber/cc for atmospheres free of Interferences. The method gives an Index of airborne
fibers. It is primarDy used for estimating asbestos concentrations, though PCM does not differentiate between asbestos and other
fibers. Use this method In conjunction with electron microscopy (e.g.. Method 7402) for assistance In identification of fibers. Fibers <
ca. 0.25 pm diameter will not be detected by this method [4]. This method may be used for other materials such as fibrous glass by
using alternate counting rules (see Appendix C).

INTERFERENCES: If (he method is used to detect a specific type of fiber, any other airborne fiber may Interfere since all particles
meeting the counting criteria are counted. Chaln-JIke particles may appear fibrous. High levels of non-fibrous dust particles may
obscure fibers in the field of view and Increase the detection limit.

OTHER METHODS: This revision replaces Method 7400. Revision #3 (date 5/15/89).

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/94



ASBESTOS and OTHER FIBERS by PCM: METHOD 7400. Issue 2, dated 15 August 1994 - Page 2 of 15

REAGENTS:

1. Acetone,* reagent grade.
2. Triacetin (glycerol triacetate), reagent grade.

See SPECIAL PRECAUTIONS.

EQUIPMENT:
1. Sampler: field monitor, 25-mm, three-piece

cassette with ca. 50-mm electrically
conductive extension cowl and cellulose ester
filter, 0.45- to 1.2-pm pore size, and backup
pad.
NOTE 1: Analyze representative filters for

fiber background before use to
check for clarity and background.
Discard the filter lot if mean is * 5
fibers per 100 graticule fields.
These are defined as laboratory
blanks. Manufacturer-provided
quality assurance checks on filter
blanks are normally adequate as
long as field blanks are analyzed
as described below.

NOTE 2: The electrically conductive
extension cowl reduces
electrostatic effects. Ground the
cowl when possible during
sampling.

NOTE 3: Use 0.8-pm pore size filters for
personal sampling. The 0.45-|Jm
filters are recommended for
sampling when performing TEM
analysis on the same samples.
However, their higher pressure
drop precludes their use with
personal sampling pumps.

NOTE 4: Other cassettes have been
proposed that exhibit improved
uniformity of fiber deposit on the
filter surface, e.g., bellmouthed
sampler (Envirometrics,
Charleston, SC). These may be
used if shown to give measured
concentrations equivalent to
sampler indicated above for the
application.

2. Personal sampling pump, battery or line-
powered vacuum, of sufficient capacity to
meet flow-rate requirements (see step 4 for
flow rate), with flexible connecting tubing.

3. Wire, multi-stranded, 22-gauge; 1", hose
clamp to. attach wire to cassette.

4. Tape, shrink- or adhesive-.
5. Slides, glass, frosted-end, pre-cleaned, 25 x

75-mm.
6. Cover slips, 22-x22-mm, No. 1-1/2, unless

otherwise specified by microscope
manufacturer.

7. Lacquer or nail polish.
8. Knife, #10 surgical steel, curved blade.
9. Tweezers.
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EQUIPMENT:

10. Acetone flash vaporization system for
clearing filters on glass slides (see ref. [5]
for specifications or see manufacturer's
instructions for equivalent devices).

11. Micropipets or syringes, 5-pL and 100- to
500-pL.

12. Microscope, positive phase (dark) contrast,
with green or blue filter, adjustable field Iris,
8 to 10X eyepiece, and 40 to 45X phase
objective (total magnification ca. 400X);
numerical aperture = 0.65 to 0.75.

13. Graticule, W alton-Beckett type with 100-um
diameter circular field (area =
0.00785 mm2) at the specimen plane
(Type G-22). Available from Optometrics
USA. P.O. Box 699, Ayer, MA 01432
[phone (508)-772-1700], and McCrone
Accessories and Components, 850
Pasquinelli Drive, Westmont, IL 60559
[phone (312) 887-7100].
NOTE: The graticule is custom-made for

each microscope, (see
APPENDIX A for the custom-
ordering procedure).

14. HSE/NPL phase contrast test slide. Mark II.
Available from Optometrics USA (address
above).

15. Telescope, ocular phase-ring centering.
16. Stage micrometer (0.01 -mm divisions).

SPECIAL PRECAUTIONS: Acetone is extremely flammable. Take precautions not to ignite it.
Heating of acetone In volumes greater than 1 mL must be done in a ventilated laboratory fume hood
using a flameless, spark- free heat source.

SAMPLING:

1. Calibrate each personal sampling pump with a representative sampler in line.
2. To reduce contamination and to hold the cassette tightly together, seal the crease between the

cassette base and the cowl with a shrink band or light colored adhesive tape. For personal
sampling, fasten the (uncapped) open-face cassette to the worker's lapel. The open face should be
oriented downward.
NOTE: The cowl should be electrically grounded during area sampling, especially under conditions

of low relative humidity. Use a hose clamp to secure one end of the wire (Equipment, Item
3) to the monitor's cowl. Connect the other end to an earth ground (i.e., cold water pipe).

3. Submit at least two field blanks (or 10% of the total samples, whichever is greater) for each set of
samples. Handle field blanks in a manner representative of actual handling of associated samples
in the set. Open field blank cassettes at the same time as other cassettes just prior to sampling.
Store top covers and cassettes in a clean area (e.g., a closed bag or box) with the top covers from
the sampling cassettes during the sampling period.

4. Sample at 0.5 L/min or greater [6]. Adjust sampling flow rate, Q (Umin), and time, t (min), to
produce a fiber density, E, of 100 to 1300 fibers/mm2 (3.85-104 to 5«105 fibers per 25-mm filter with
effective collection area Ac= 385 mm2) for optimum accuracy. These variables are related to the
action level (one-half the current standard), L (fibers/cc), of the fibrous aerosol being sampled by:
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t =
Q • L • 103

-, mm.

NOTE 1: The purpose of adjusting sampling times is to obtain optimum fiber loading on the filter.
The collection efficiency does not appear to be a function of flow rate in the range of 0.5
to 16 L/min for asbestos fibers [7]. Relatively large diameter fibers (>3 [im) may exhibit
significant aspiration loss and inlet deposition. A sampling rate of 1 to 4 L/min for 8 h is
appropriate in atmospheres containing ca. 0.1 fiber/cc in the absence of significant
amounts of non-asbestos dust. Dusty atmospheres require smaller sample volumes
(s400 L) to obtain countable samples. In such cases take short, consecutive samples
and average the results over the total collection time. For documenting episodic
exposures, use high flow rates (7 to 16 L/min) over shorter sampling times, in relatively
clean atmospheres, where targeted fiber concentrations are much less than 0.1 fiber/cc,
use larger sample volumes (3000 to 10000 L) to achieve quantifiable loadings. Take
care, however, not to overload the filter with background dust. If £ 50% of the filter
surface Is covered with particles, the filter may be too overloaded to count and will bias
the measured fiber concentration.

NOTE 2: OSHA regulations specify a minimum sampling volume of 48 L for an excursion
measurement, and a maximum sampling rate of 2.5 L/min [3J.

5. At the end of sampling, replace top cover and end plugs.
6. Ship samples with conductive cowl attached in a rigid container with packing material to prevent

jostling or damage.
NOTE: Do not use untreated polystyrene foam in shipping container because electrostatic

forces may cause fiber loss from sample filter.

SAMPLE PREPARATION:

NOTE 1: The object is to produce samples with a smooth (non-grainy) background in a medium
with refractive index <:1.46. This method collapses the filter for easier focusing and
produces permanent (1 -10 years) mounts which are useful for quality control and
interlaboratory comparison. The aluminum "hot block" or similar flash vaporization
techniques may be used outside the laboratory [2]. Other mounting techniques meeting
the above criteria may also be used (e.g., the laboratory fume hood procedure for
generating acetone vapor as described in Method 7400 - revision of 5/15/85, or the
non-permanent field mounting technique used in P&CAM 239 [3,7,8,9]). Unless the
effective filtration area is known, determine the area and record the information
referenced against the sample ID number [1,9,10,11].

NOTE 2: Excessive water in the acetone may slow the clearing of the filter, causing material to
be washed off the surface of the filter. Also, filters that have been exposed to high
humidities prior to clearing may have a grainy background.

7. Ensure that the glass slides and cover slips are free of dust and fibers.
8. Adjust the rheostat to heat the "hot block" to ca. 70 °C [2].

NOTE: If the "hot block" is not used in a fume hood, it must rest on a ceramic plate and be
Isolated from any surface susceptible to heat damage.

9. Mount a wedge cut from the sample filter on a clean glass slide.
a. Cut wedges of ca. 25% of the filter area with a curved-blade surgical steel knife using a rocking

motion to prevent tearing. Place wedge, dust side up, on slide.
NOTE: Static electricity will usually keep the wedge on the slide.
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b. Insert slide with wedge into the receiving slot at base of "hot block". Immediately place tip of a
micropipet containing ca. 250 pL acetone (use the minimum volume needed to consistently
clear the filter sections) into the inlet port of the PTFE cap on top of the "hot block" and inject
the acetone into the vaporization chamber with a slow, steady pressure on the plunger button
while holding pipet firmly in place. After waiting 3 to 5 sec for the filter to clear, remove pipet
and slide from their ports.
CAUTION: Although the volume of acetone used is small, use safety precautions. Work in a

well-ventilated area (e.g., laboratory fume hood). Take care not to ignite the
acetone. Continuous use of this device in an unventilated space may produce
explosive acetone vapor concentrations.

c. Using the 5-pL micropipet, immediately place 3.0 to 3.5 pL triacetin on the wedge. Gently
lower a clean cover slip onto the wedge at a slight angle to reduce bubble formation. Avoid
excess pressure and movement of the cover glass.
NOTE: If too many bubbles form or the amount of triacetin is insufficient, the cover slip may

become detached within a few hours. If excessive triacetin remains at the edge of the
filter under the cover slip, fiber migration may occur.

d. Mark the outline of the filter segment with a glass marking pen to aid in microscopic evaluation.
e. Glue the edges of the cover slip to the slide using lacquer or nail polish [12]. Counting may

proceed immediately after clearing and mounting are completed.
NOTE: If clearing is slow, warm the slide on a hotplate (surface temperature 50 °C) for up to 15

min to hasten clearing. Heat carefully to prevent gas bubble formation.

CALIBRATION AND QUALITY CONTROL:

10. Microscope adjustments. Follow the manufacturers instructions. At least once daily use the
telescope ocular (or Bertrand lens, for some microscopes) supplied by the manufacturer to ensure
that the phase rings (annular diaphragm and phase-shifting elements) are concentric. With each
microscope, keep a logbook in which to record the dates of microscope cleanings and major
servicing.
a. Each time a sample is examined, do the following:

(1) Adjust the light source for even illumination across the field of view at the condenser iris.
Use Kohler illumination, if available'. With some microscopes, the illumination may have
to be set up with bright field optics rather than phase contract optics.

(2) Focus on the particulate material to be examined.
(3) Make sure that the field iris Is in focus, centered on the sample, and open only enough to

fully illuminate the field of view.
b. Check the phase-shift detection limit of the microscope periodically for each analyst/microscope

combination:
(1) Center the HSE/NPL phase-contrast test slide under the phase objective.
(2) Bring the blocks of grooved lines into focus in the graticule area.

NOTE: The slide contains seven blocks of grooves (ca. 20 grooves per block) in
descending order of visibility. For asbestos counting the microscope optics must
completely resolve the grooved lines in block 3 although they may appear
somewhat faint, and the grooved lines in blocks 6 and 7 must be invisible when
centered in the graticule area. Blocks 4 and 5 must be at least partially visible but
may vary slightly in visibility between microscopes. A microscope which fails to
meet these requirements has resolution either too low or too high for fiber
counting.

(3) If image quality deteriorates, clean the microscope optics. If the problem persists, consult
the microscope manufacturer.

11. Document the laboratory's precision for each counter for replicate fiber counts.
a. Maintain as part of the laboratory quality assurance program a set of reference slides to be used

on a daily basis [13]. These slides should consist of filter preparations including a range of
loadings and background dust levels from a variety of sources including both field and
reference samples (e.g., PAT, AAR, commercial samples). The Quality Assurance Officer
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should maintain custody of the reference slides and should supply each counter with a minimum
of one reference slide per workday. Change the labels on the reference slides periodically so
that the counter does not become familiar with the samples.

b. From blind repeat counts on reference slides, estimate the laboratory intra- and intercounter
precision. Obtain separate values of relative standard deviation (Sr) for each sample matrix
analyzed in each of the following ranges: 5 to 20 fibers in 100 graticule fields, >20 to 50 fibers
in 100 graticule fields, and >50 to 100 fibers in 100 graticule fields. Maintain control charts for
each of these data files.
NOTE: Certain sample matrices (e.g., asbestos cement) have been shown to give poor

precision [9]
12. Prepare and count field blanks along with the field samples. Report counts on each field blank.

NOTE 1: The identity of blank filters should be unknown to the counter until all counts have been
completed.

NOTE 2: If a field blank yields greater than 7 fibers per 100 graticule fields, report possible
contamination of the samples.

13. Perform blind recounts by the same counter on 10% of filters counted (slides relabeled by a person
other than the counter). Use the following test to determine whether a pair of counts by the same
counter on the same filter should be rejected because of possible bias: Discard the sample if the
absolute value of the difference between the square roots of the two counts (in fiber/mm2) exceeds
2.77 (X)SP where X = average of the square roots of the two fiber counts

S
(in fiber/mm2) and Sr= — , where S, is the intracounter relative standard deviation for the

appropriate count range (in fibers) determined in step 11. For more complete discussions see
reference [13].
NOTE 1: Since fiber counting is the measurement of randomly placed fibers which may be

described by a Poisson distribution, a square root transformation of the fiber count data
will result in approximately normally distributed data [13].

NOTE 2: If a pair of counts is rejected by this test, recount the remaining samples in the set and
test the new counts against the first counts. Discard all rejected paired counts. It is not
necessary to use this statistic on blank counts.

14. The analyst is a critical part of this analytical procedure. Care must be taken to provide a non-
stressful and comfortable environment for fiber counting. An economically designed chair should
be used, with the microscope eyepiece situated at a comfortable height for viewing. External
lighting should be set at a level similar to the illumination level in the microscope to reduce eye
fatigue. In addition, counters should take 10-to-20 minute breaks from the microscope every one
or two hours to limit fatigue [14]. During these breaks, both eye and upper back/neck exercises
should be performed to relieve strain.

15. All laboratories engaged in asbestos counting should participate in a proficiency testing program
such as the AIHA-NIOSH Proficiency Analytical Testing (PAT) Program for asbestos and routinely
exchange field samples with other laboratories to compare performance of counters.

MEASUREMENT:

16. Center the slide on the stage of the calibrated microscope under the objective lens. Focus the
microscope on the plane of the filter.

17. Adjust the microscope (Step 10).
NOTE: Calibration with the HSE/NPL test slide determines the minimum detectable fiber diameter

(ca. 0.25 pm) [4].
18. Counting rules: (same as P&CAM 239 rules [1,10,11]: see examples in APPENDIX B).

a. Count any fiber longer than 5 [im which lies entirely within the graticule area.
(1) Count only fibers longer than 5 |Jm. Measure length of curved fibers along the curve.
(2) Count only fibers with a length-to-width ratio equal to or greater than 3:1.

b. For fibers which cross the boundary of the graticule field:
(1) Count as 1/2 fiber any fiber with only one end lying within the graticule area, provided that

the fiber meets the criteria of rule a above.
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(2) Do not count any fiber which crosses the graticule boundary more than once.
(3) Reject and do not count all other fibers.

c. Count bundles of fibers as one fiber unless individual fibers can be identified by observing both
ends of a fiber.

d. Count enough graticule fields to yield 100 fibers. Count a minimum of 20 fields. Stop at 100
graticule fields regardless of count.

19. Start counting from the tip of the filter wedge and progress along a radial line to the outer edge.
Shift up or down on the filter, and continue in the reverse direction. Select graticule fields
randomly by looking away from the eyepiece briefly while advancing the mechanical stage. Ensure
that, as a minimum, each analysis covers one radial line from the filter center to the outer edge of
the filter. When an agglomerate or bubble covers ca. 1/6 or more of the graticule field, reject the
graticule field and select another. Do not report rejected graticule fields in the total number
counted.
NOTE 1: When counting a graticule field, continuously scan a range of focal planes by moving

the fine focus knob to detect very fine fibers which have become embedded in the filter.
The smalWiameter fibers will be very faint but are an important contribution to the total
count. A minimum counting time of 15 seconds per field is appropriate for accurate
counting.

NOTE 2: This method does not allow for differentiation of fibers based on morphology. Although
some experienced counters are capable of selectively counting only fibers which
appear to be asbestiform, there is presently no accepted method for ensuring uniformity
of judgment between laboratories. It is, therefore, incumbent upon all laboratories using
this method to report total fiber counts. If serious contamination from non-asbestos
fibers occurs In samples, other techniques such as transmission electron microscopy
must be used to Identify the asbestos fiber fraction present in the sample (see NIOSH
Method 7402). In some cases (i.e., for fibers with diameters >1 pm), polarized light
microscopy (as in NIOSH Method 7403) may be used to identify and eliminate
interfering non-crystalline fibers [15].

NOTE 3: Do not count at edges where filter was cut. Move in at least 1 mm from the edge.
NOTE 4: Under certain conditions, electrostatic charge may affect the sampling of fibers. These

electrostatic .effects are most likely to occur when the relative humidity is low (below
20%), and when sampling is performed near the source of aerosol. The result is that
deposition of fibers on the filter is reduced, especially near the edge of the filter. If such
a pattern is noted during fiber counting, choose fields as close to the center of the filter
as possible [5].

NOTE 5: Counts are to be recorded on a data sheet that provides, as a minimum, spaces on
which to record the counts for each field, filter identification number, analyst's name,
date, total fibers counted, total fields counted, average count, fiber density, and
commentary. Average count is calculated by dividing the total fiber count by the
number of fields observed. Fiber density (fibers/mm2) is defined as the average count
(fibers/field) divided by the field (graticule) area (mm2/field).

CALCULATIONS AND REPORTING OF RESULTS

20. Calculate and report fiber density on the filter, E (fibers/mm2), by dividing the average fiber count
per graticule field, F/nf, minus the mean field blank count per graticule field, B/nb, by the graticule
field area, Af (approx. 0.00785 mm2):

)
fibers/mm
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NOTE: Fiber counts above 1300 fibers/mm2 and fiber counts from samples with >50% of filter
area covered with particulate should be reported as "uncountable" or "probably biased."
Other fiber counts outside the 100-1300 fiber/mm2 range should be reported as having
"greater than optimal variability" and as being "probably biased."

21. Calculate and report the concentration, C (fibers/cc), of fibers in the air volume sampled, V (L),
using the effective collection area of the filter, Ac (approx. 385 mm2 for a 25-mm filter):

c _ ( E )( Ac )

V • 103

NOTE: Periodically check and adjust the value of Ac, if necessary.
22. Report intralaboratory and interlaboratory relative standard deviations (from Step 11) with each set

of results.
NOTE: Precision depends on the total number of fibers counted [1 ,1 6]. Relative standard

deviation is documented in references [1 ,15-17] for fiber counts up to 100 fibers in 100
graticule fields. Comparability of interlaboratory results Is discussed below. As a first
approximation, use 213% above and 49% below the count as the upper and lower
confidence limits for fiber counts greater than 20 (Fig. 1 ).

EVALUATION OF METHOD:

A. This method is a revision of P&CAM 239 [10]. A summary of the revisions is as follows:
1. Sampling:

The change from a 37-mm to a 25-mm filter improves sensitivity for similar air volumes. The
change in flow rates allows for 2-m3 full-shift samples to be taken, providing that the filter is not
overloaded with non-fibrous particulates. The collection efficiency of the sampler is not a function
of flow rate in the range 0.5 to 16 L/min [10].

2. Sample Preparation Technique:
The acetone vapor-triacetin preparation technique is a faster, more permanent mounting
technique than the dimethyl phthalate/diethyl oxalate method of P&CAM 239 [2,4,10]. The
aluminum "hot block" technique minimizes the amount of acetone needed to prepare each
sample.

3. Measurement:
a. The Walton-Beckett graticule standardizes the area observed [14,18,19].
b. The HSE/NPL test slide standardizes microscope optics for sensitivity to fiber diameter [4,14].
c. Because of past inaccuracies associated with low fiber counts, the minimum recommended

loading has been increased to 100 fibers/mm2 filter area (a total of 78.5 fibers counted in 100
fields, each with field area = .00785 mm2.) Lower levels generally result in an overestimate of
the fiber count when compared to results in the recommended analytical range [20]. The
recommended loadings should yield intracounter Sr in the range of 0.10 to 0.17 [21 ,22,23].

B. Interlaboratory comparability:
An international collaborative study involved 16 laboratories using prepared slides from the
asbestos cement, milling, mining, textile, and friction material industries [9]. The relative standard
deviations (Sr) varied with sample type and laboratory. The ranges were:
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Intralaboratorv S, Intel-laboratory S, Overall Sf

AIA (NIOSH A Rules)* 0.1 2 to 0.40 0.27 to 0.85 0.46
Modified CRS (NIOSH B Rules)" 0.1 1 to 0.29 0.20 to 0.35 0.25

* Under AIA rules, only fibers having a diameter less than 3 urn are counted and fibers attached to
particles larger than 3 pm are not counted. NIOSH A Rules are otherwise similar to the AIA rules.

** See Appendix C.

A NIOSH study conducted using field samples of asbestos gave intralaboratory Sr in the range 0.17 to
0.25 and an interlaboratory S, of 0.45 [21]. This agrees well with other recent studies [9,14,16].

At this time, there Is no Independent means for assessing the overall accuracy of this method. One
measure of reliability is to estimate how well the count for a single sample agrees with the mean count
from a large number of laboratories. The following discussion indicates how this estimation can be
carried out based on measurements of the interlaboratory variability, as well as showing how the results
of this method relate to the theoretically attainable counting precision and to measured intra- and
interlaboratory Sr. (NOTE: The following discussion does not include bias estimates and should not be
taken to indicated that lightly loaded samples are as accurate as properly loaded ones).

Theoretically, the process of counting randomly (Poisson) distributed fibers on a filter surface will give an
Sr that depends on the number, N, of fibers counted:

(1)

Thus Sr is 0.1 for 100 fibers and 0:32 for 10 fibers counted. The actual Sf found in a number of studies is
greater than these theoretical numbers [17,19,20,21].

An additional component of variability comes primarily from subjective interlaboratory differences. In a
study of ten counters in a continuing sample exchange program, Ogden [15] found this subjective
component of intralaboratory S, to be approximately 0.2 and estimated the overall S, by the term:

[ N + ( 0.2 • N ? ]1/2

N

Ogden found that the 90% confidence interval of the individual intralaboratory counts In relation to the
means were +2 Sr and -1.5 Sr. In this program, one sample out of ten was a quality control sample. For
laboratories not engaged in an intensive quality assurance program, the subjective component of
variability can be higher.

In a study of field sample results in 46 laboratories, the Asbestos Information Association also found that
the variability had both a constant component and one that depended on the fiber count [14]. These
results gave a subjective interlaboratory component of Sr (on the same basis as Ogden's) for field
samples of ca. 0.45. A similar value was obtained for 12 laboratories analyzing a set of 24 field samples
[21]. This value falls slightly above the range of Sr (0.25 to 0.42 for 1984-85) found for 80 reference
laboratories in the NIOSH PAT program for laboratory-generated samples [17].

A number of factors influence Sr for a given laboratory, such as that laboratory's actual counting
performance and the type of samples being analyzed. In the absence of other information, such as from
an interlaboratory quality assurance program using field samples, the value for the subjective component
of variability is chosen as 0.45. It is hoped that the laboratories will carry out the recommended
interlaboratory quality assurance programs to improve their performance and thus reduce the Sr.
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The above relative standard deviations apply when the population mean has been determined. It is
more useful, however, for laboratories to estimate the 90% confidence interval on the mean count from a
single sample fiber count (Figure 1). These curves assume similar shapes of the count distribution for
interlaboratory and intralaboratory results [16].

For example, if a sample yields a count of 24 fibers, Figure 1 indicates that the mean interlaboratory
count will fall within the range of 227% above and 52% below that value 90% of the time. We can apply
these percentages directly to the air concentrations as well. If, for instance, this sample (24 fibers
counted) represented a 500-L volume, then the measured concentration is 0.02 fibers/mL (assuming 100
fields counted, 25-mm filter, 0.00785 mm2 counting field area). If this same sample were counted by a
group of laboratories, there is a 90% probability that the mean would fall between 0.01 and 0.08 fiber/ml.
These limits should be reported in any comparison of results between laboratories.

Note.that the Sr of 0.45 used to derive Figure 1 is used as an estimate for a random group of
laboratories. If several laboratories belonging to a quality assurance group can show that their
Interlaboratory Sr is smaller, then it is more correct to use that smaller Sr. However, the estimated Sr of
0.45 is to be used in the absence of such Information. Note also that it has been found that Sr can be
higher for certain types of samples, such as asbestos cement [9].

Quite often the estimated airborne concentration from an asbestos analysis is used to compare to a
regulatory standard. For instance, if one is trying to show compliance with an 0.5 fiber/mL standard
using a single sample on which 100 fibers have been counted, then Figure 1 indicates that the 0.5
fiber/mL standard must be 213% higher than the measured air concentration. This indicates that if one
measures a fiber concentration of 0.16 fiber/mL (100 fibers counted), then the mean fiber count by a
group of laboratories (of which the compliance laboratory might be one) has a 95% chance of being less
than 0.5 fibers/mL; i.e., 0.16 + 2.13 x 0.16 = 0.5.

It can be seen from Figure 1 that the Poisson component of the variability is not very important unless
the number of fibers counted is small. Therefore, a further approximation is to simply use +213% and
-49% as the upper and lower confidence values of the mean for a 100-fiber count.

500-

| 400
O
a
a

JOJ
O)

— 7nn •in *uu

2
O

^P <inn -

is
a> no 0
D ,a. '

.inn -

90% CONFIDENCE INTERVAL ON MEAN COUNT
(SUBJECTIVE COMPONENT (0.45) +

' POISSON COMPONENT)

\vv^__

10 20 30 40 50 60 70 80 90 1

'"̂  ^^95% PROBABILITY MEAN COUNT
IS ABOVE THIS LEVEL

NUMBER OF FIBERS COUNTED IN A SINGLE SAMPLE

0

Figure 1. Interlaboratory Precision of Fiber Counts
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The curves in Figures 1 are defined by the following equations:

UCL = 2 X + 2.25 + [(2.25 + 2 X)2 - 4 ( 1 - 2.25 Sf
2) X2]1"

2 ( 1 - 2.25 Sr
2)

LCL = 2 X + 4 - [(4 + 2 X )2 - 4 ( 1 - 4 Sr
2 ) X2 ] ( 4 )

2(1 - 4 Sr
2 )

where Sr = subjective Interlaboratory relative standard deviation, which is close to the total
interlaboratory Sr when approximately 100 fibers are counted.

X = total fibers counted on sample
LCL = lower 95% confidence limit.

UCL = upper 95% confidence limit.
Note that the range between these two limits represents 90% of the total range.
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METHOD WRITTEN BY:

Paul A. Baron, Ph.D., NIOSH/DPSE.

APPENDIX A: CALIBRATION OF THE WALTON-BECKETT GRATICULE:

Before ordering the Walton-Beckett graticule, the following calibration must be done to obtain a counting
area (D) 100 pm in diameter at the image plane. The diameter, dc (mm), of the circular counting area
and the disc diameter must be specified when ordering the graticule.

1. Insert any available graticule into the eyepiece and focus so that the graticule lines are sharp and
clear.

2. Set the appropriate interpupillary distance and, if applicable, reset the binocular head adjustment so
that the magnification remains constant.

3. Install the 40 to 45X phase objective.
4. Place a stage micrometer on the microscope object stage and focus the microscope on the graduated

lines.
5. Measure the magnified grid length of the graticule, L,, (Mm), using the stage micrometer.
6. Remove the graticule from the microscope and measure its actual grid length, LB (mm). This can

best be accomplished by using a stage fitted with verniers.
7. Calculate the circle diameter, dc (mm), for the Walton-Beckett graticule:
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dc = x D. (5)

Example: If L0= 112 (Jm, La = 4.5 mm and D= 100 urn. then dc = 4.02 mm.

8. Check the field diameter, D (acceptable range 100 |Jm ± 2 urn) with a stage micrometer upon
receipt of the graticule from the manufacturer. Determine field area (acceptable range 0.00754
mm2 to 0.00817 mm2).

APPENDIX B: COMPARISON OF COUNTING RULES:

Figure 2 shows a Walton-Beckett graticule as seen through the microscope. The rules will be discussed
as they apply to the labeled objects in the figure.

10X3

©

3:1

5x5/3

^ 2 0 x 3

Figure 2. Walton-Beckett graticule with fibers.
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These rules are sometimes referred to as the "A" rules.

FIBER COUNT

Object Count

1 1 fiber

2 fiber

1 fiber

1 fiber

DISCUSSION

5

6

8

9

Do not
count

1 fiber

1/2 fiber

Do not
count

Do not
count

Optically observable asbestos fibers are actually bundles of fine fibrils.-
If the fibrils seem to be from the same bundle the object is counted as a
single fiber. Note, however, that all objects meeting length and aspect
ratio criteria are counted whether or not they appear to be asbestos.

If fibers meeting the length and aspect ratio criteria (length >5 |Jm and
length-to-width ratio >3 to 1) overlap, but do not seem to be part of the
same bundle, they are counted as separate fibers.

Although the object has a relatively large diameter (>3 |Jm), it is counted
as fiber under the rules. There is no upper limit on the fiber diameter in
the counting rules. Note that fiber width is measured at the widest
compact section of the object.

Although long fine fibrils may extend from the body of a fiber, these
fibrils are considered part of the fiber if they seem to have originally
been part of the bundle.

If the object is $5 urn long, it is not counted.

A fiber partially obscured by a particle is counted as one fiber. If the
fiber ends emanating from a particle do not seem to be from the same
fiber and each end meets the length and aspect ratio criteria, they are
counted as separate fibers.

A fiber which crosses into the graticule area one time is counted as 1/2
fiber.

Ignore fibers that cross the graticulate boundary more than once,
count

Ignore fibers that lie outside the graticule boundary.
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APPENDIX C. ALTERNATE COUNTING RULES FOR NON-ASBESTOS FIBERS

Other counting rules may be more appropriate for measurement of specific non-asbestos fiber types,
such as fibrous glass. These include the "B" rules given below (from NIOSH Method 7400, Revision #2,
dated 8/15/87), the World Health Organization reference method for man-made mineral fiber [24], and
the NIOSH fibrous glass criteria document method [25]. The upper diameter limit in these methods
prevents measurements of non-thoracic fibers. It is important to note that the aspect ratio limits included
in these methods vary. NIOSH recommends the use of the 3:1 aspect ratio in counting fibers.

It is emphasized that hybridization of different sets of counting rules is not permitted. Report specifically
which set of counting rules are used with the analytical results.

"B" COUNTING RULES:

1. Count only ends of fibers. Each fiber must be longer than 5 pm and less than 3 pm diameter.
2. Count only ends of fibers with a length-to-width ratio equal to or greater than 5:1.
3. Count each fiber end which falls within the graticule area as one end, provided that the fiber meets

rules 1 and 2 above. Add split ends to the count as appropriate if the split fiber segment also meets
the criteria of rules 1 and 2 above.

4. Count visibly free ends which meet rules 1 and 2 above when the fiber appears to be attached to
another particle, regardless of the size of the other particle. Count the end of a fiber obscured by
another particle if the particle covering the fiber end is less than 3 |Jm in diameter.

5. Count free ends of fibers emanating from large clumps and bundles up to a maximum of 10 ends (5
fibers), provided that each segment meets rules 1 and 2 above.

6. Count enough graticule fields to yield 200 ends. Count a minimum of 20 graticule fields. Stop at
100 graticule fields, regardless of count.

7. Divide total end count by 2 to yield fiber count.

APPENDIX D. EQUIVALENT LIMITS OF DETECTION AND QUANTITATION

fiber density on filter* fiber concentration In air, f/cc
fibers 400-Lair 1000-Lair

per 100 fields fibers/mm2 sample sample

200 255 0.25 0.10

100 127 0.125 0.05

LOQ 80 102 0.10 0.04

50 64 0.0625 0.025

25 32 0.03 0.0125

20 25 0.025 0.010

10 12.7 0.0125 0.005

8 10.2 0.010 0.004

LOD 5.5 7 0.00675 0.0027

* Assumes 385 mm2 effective filter collection area, and field area = 0.00785 mm2, for relatively "clean"
(little particulate aside from fibers) filters.
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ASBESTOS (bulk) by PLM 9002

various MW: various CAS: 1332-21-4 RTECS: C16475000

METHOD: 9002, Issue 2 EVALUATION: PARTIAL Issue 1: 15 May 1989
Issue 2: 15 August 1994

EPA Standard (Bulk): 1% PROPERTIES: solid, fibrous, crystalline, anisotropic

SYNONYMS [CAS #]: actindite [77536-66-4], or ferroactinolite [15669-07-5]; amosite [12172-73-5]; anthophyllite [77536-67-5];
chrysotile [12001-29-5]; serpentine [18786-24-8]; crocidolite [12001-28-4]; tremolite [77536-68-6]; amphibole.

SAMPLING MEASUREMENT

BULK SAMPLE:

SHIPMENT:

SAMPLE
STABILITY:

BLANKS:

1 to 10 grams

seal securely to prevent escape of
asbestos

stable

none required

ACCURACY

RANGE STUDIED:

BIAS:

PRECISION:

ACCURACY:

<1% to 100% asbestos

not determined

not determined

not determined

TECHNIQUE: MICROSCOPY, STEREO AND
POLARIZED LIGHT, WITH
DISPERSION STAINING

ANALYTE: actinolite asbestos, amosite,
anthophyllite asbestos, chrysotile,
crocidolite, tremolite asbestos

EQUIPMENT: microscope, polarized light; 100-400X
dispersion staining objective, stereo
microscope: 10-45X

RANGE: 1 % to 100% asbestos

ESTIMATED LOD: <1% asbestos [1]

PRECISION: not determined

APPLICABILITY: this method is useful for the qualitative identification of asbestos and the semi-quantitative determination of
asbestos content of bulk samples. The method measures percent asbestos as perceived by the analyst in comparison to standard
area projections, photos, and drawings, or trained experience. The method is not applicable to samples containing large amounts of
fine fibers below the resolution of the light microscope

INTERFERENCES: Other fibers with optical properties similar to the asbestos minerals may give positive interferences. Optical
properties of asbestos may be obscured by coating on the fibers. Fibers finer than the resolving power of the microscope (ca. 0.3 urn)
will not be detected. Heat and acid treatment may alter the index of refraction of asbestos and change its color.

OTHER METHODS: This method (originally designated as method 7403) is designed for use with NIOSH Methods 7400 (phase
contrast microscopy) and 7402 (electron microscopy/EDS). The method is similar to the EPA bulk asbestos method [1].
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REAGENTS:

1. Refractive index (Rl) liquids for Dispersion
Staining: high-dispersion (HD) series, 1.550,
1.605,1.620.

2. Refractive index liquids: 1.670, 1.680, and
1.700.

3. Asbestos reference samples such as SRM
#1866, available from the National Institute of
Standards and Technology.*

4. Distilled Water (optional).
5. Concentrated HCI: ACS reagent grade.

* See SPECIAL PRECAUTIONS

EQUIPMENT:

1. Sample containers: screw-top plastic vials of
10- to 50-mL capacity.

2. Microscope, polarized light, with polarizer,
analyzer, port for retardation plate, 360
graduated rotating stage, substage condenser
with iris, lamp, lamp iris, and:
a. Objective lenses: 10X, 20X, and 40X or

near equivalent.
b. Ocular lense: 10X minimum.
c. Eyepiece reticle: crosshair.
d. Dispersion staining objective lens or

equivalent.
e. Compensator plate: ca. 550 nm± 20 nm,

retardation: "first order red"
compensator.

3. Microscope slides: 75 mm x 25 mm.
4. Cover slips.
5. Ventilated hood or negative-pressure glove

box.
6. Mortar and pestle: agate or porcelain.
7. Stereomicroscope, ca. 10 to45X.
8. Light source: incandescent or fluorescent.
9. Tweezers, dissecting needles, spatulas,

probes, and scalpels.
10. Glassine paper or clean glass plate.
11. Low-speed hand drill with coarse burr bit

(optional).

SPECIAL PRECAUTIONS: Asbestos, a human carcinogen, should be handled only in an exhaust hood
(equipped with a HEPA filter) [2]. Precautions should be taken when collecting unknown samples, which
may be asbestos, to preclude exposure to the person collecting the sample and minimize the disruption
to the parent material [3]. Disposal of asbestos-containing materials should follow EPA Guidelines [4].

SAMPLING:

1. Place 1 to 10 g of the material to be analyzed in a sample container.
NOTE: For large samples (i.e., whole ceiling tiles) that are fairly homogenous, a representative

small portion should be submitted for analysis. Sample size should be adjusted to ensure
that it is representative of the parent material.

2. Make sure that sample containers are taped so they will not open in transit.
3. Ship the samples in a rigid container with sufficient packing material to prevent damage or sample

loss.

SAMPLE PREPARATION:

4. Visually examine samples in the container and with a low-magnification Stereomicroscope in a
hood. (If necessary, a sample may be carefully removed from the container and placed on glassine
transfer paper or clean glass plate for examination). Break off a portion of the sample and examine
the edges for emergent fibers. Note the homogeneity of the sample. Some hard tiles can be
broken, and the edges examined for emergent fibers. If fibers are found, make an estimate of the
amount and type of fibers present, confirm fiber type (step 14) and quantify (step 15).

5. In a hood, open sample container and with tweezers remove small, representative portions of
the sample.
1. If there are obvious separable layers, sample and analyze each layer separately.
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b. If the sample appears to be slightly inhomogeneous, mix it in the sample container with
tweezers or a spatula before taking the portion of analysis. Alternatively, take small
representative portions of each type of material and place on a glass slide.

c. On hard tiles that may have thin, inseparable layers, use a scalpel to cut through all the layers
for a representative sample. Then cut it into smaller pieces after placing Rl liquid on it before
trying to reduce the thickness. Alternatively, use a low-speed hand drill equipped with a burr bit
to remove material from hard tiles. Avoid excessive heating of the sample which may alter the
optical properties of the material.
NOTE: This type of sample often requires ashing or other specialized preparation, and may

require transmission electron microscopy for detection of the short asbestos fibers
which are characteristic of floor tiles.

d. If the sample has large, hard particles, grind it in a mortar. Do not grind so fine that fiber
characteristics are destroyed.

e. If necessary, treat a portion of the sample in a hood with an appropriate solvent to remove
binders, tars, and other interfering materials which may be present in the sample. Make
corrections for the non-asbestos material removed by this process.
NOTE: Other methods of sample preparation such as acid washing and sodium

metaphosphate treatment and ashing may be necessary, especially to detect low
concentrations of asbestos. If needed, use as described in Reference [1].

6. After placing a few drops of Rl liquid on the slide, put a small portion of sample in the liquid.
Tease apart with a needle or smash small clumps with the flat end of a spatula or probe, producing
a uniform thickness or particles so that better estimates of projected area percentages can be
made. Mix the fibers and particles on the slide so that they are as homogeneous as possible.
NOTE: An even dispersion of sample should cover the entire area under the cover slip, some

practice will be necessary to judge the right amount of material to place on the slide. Too
little sample may not give sufficient information and too much sample cannot be easily
analyzed.

CALIBRATION AND QUALITY CONTROL:

7. Check for contamination each day of operation. Wipe microscope slides and cover slips with lens
paper before using. Check refractive index liquids. Record results in a separate logbook.

8. Verify the refractive indices of the refractive index liquids used once per week of operation. Record
these checks in a separate logbook.

9. Follow the manufacturer's instructions for illumination, condenser alignment and other microscope
adjustments. Perform these adjustments prior to each sample set.

10. Determine percent of each identified asbestos species by comparison to standard projections
(Figure 1) [1]. If no fibers are detected in a homogeneous sample, examine at least two additional
preparations before concluding that no asbestos is present.

11. If it appears that the preparation technique might not be able to produce a homogeneous or
representative sample on the slide, prepare a duplicate slide and average the results. Occasionally,
when the duplicate results vary greatly, it will be necessary to prepare additional replicate slides and
average all the replicate results. Prepare duplicate slides of at least 10% of the samples analyzed.
Average the results for reporting.

12. Analyze about 5% blind samples of known asbestos content.
13. Laboratories performing this analytical method should participate in the National Voluntary

Laboratory Accreditation Program [5] or a similar interlaboratory quality control program. Each
analyst should have complete formal training in polarized light microscopy and its application to
crystalline materials. In lieu of formal training, laboratory training in asbestos bulk analysis under
the direction of a trained asbestos bulk analyst may be substituted. Owing to the subjective nature
of the method, frequent practice is essential in order to remain proficient in estimating projected
area percentages.

QUALITATIVE ASSESSMENT:

14. Scan the slide to identify any asbestos minerals using the optical properties of morphology,
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refractive indices, color, pleochroism, birefringence, extinction characteristics, sign of elongation,
and dispersion staining characteristics.
NOTE: Identification of asbestos using polarized light microscopy is unlike most other analytical

methods. The quality of the results is dependent on the skill and judgment of the analyst.
This method does not lend itself easily to a step-wise approach. Various procedures
devised by different analysts may yield equivalent results. The following step-wise
procedure repeatedly utilizes the sample preparation procedure previously outlined.

a. Prepare a slide using 1.550 HD Rl liquid. Adjust the polarizing filter such that the polars are
partially crossed, with ca. 15 offset. Scan the preparation, examining the morphology for the
presence of fibers. If no fibers are found, scan the additional preparations. If no fibers are
found in any of the preparations, report that the sample does not contain asbestos, and stop the
analysis at this point.

b. If fibers are found, adjust the polarizing filter such that the polars are fully crossed. If all of the
fibers are isotropic (disappear at all angles of rotation) then those fibers are not asbestos.
Fibrous glass and mineral wool, which are common components of suspect samples, are
isotropic. If only isotropic fibers are found in the additional preparations, report no asbestos
fibers detected, and stop the analysis.

c. If anisotropic fibers are found, rotate the stage to determine the angle of extinction. Except for
tremolite-actinolite asbestos which has oblique extinction at 10-20 , the other forms of asbestos
exhibit parallel extinction (Table 1). Tremolite may show both parallel and oblique extinction.

d. Insert the first order red compensator plate in the microscope and determine the sign of
elongation. All forms of asbestos have a positive sign of elongation except for crocidolite. If
the sign of elongation observed is negative, go to step "g."
NOTE: To determine the direction of the sign of elongation on a particular microscope

configuration, examine a known chrysotile sample and note the direction (NE-SW or
NW-SE) of the blue coloration. Chrysotile has a positive sign of elongation.

e. Remove the first-order red compensator and uncross the polarizer. Examine under plane
polarized light for blue and gold-brown Becke colors at the fiber-oil interface (i.e., index of
refraction match). Becke colors are not always evident. Examine fiber morphology for twisted,
wavy bundles of fibers which are characteristic of chrysotile. Twisted, ribbon-like morphology
with cellular internal features may indicate cellulose fibers. It may be necessary to cross the
polars partially in order to see the fibers if the index of refraction is an exact match at 1.550. If
the fibers appear to have higher index of refraction, go to step "h," otherwise continue.

f. Identification of chrysotile. Insert the dispersion staining objective. Observation of dispersion
staining colors of blue and blue-magenta confirms chrysotile. Cellulose, which is a common
interfering fiber at the 1.550 index of refraction, will not exhibit these dispersion staining colors.
If chrysotile is found, go to step 15 for quantitative estimation.

g. Identification of crocidolite. Prepare a slide in 1.700 Rl liquid. Examine under plane-polarized
light (uncrossed polars); check for morphology of crocidolite. Fibers will be straight, with rigid
appearance, and may appear blue or purple-blue. Crocidolite is pleochroic, i.e., it will appear to
change its color (blue or gray) as it is rotated through plane polarized light. Insert the dispersion
staining objective. The central stop dispersion staining color are red magenta and blue
magenta, however, these colors are sometimes difficult to impossible to see because of the
opacity of the dark blue fibers. If observations above indicate crocidolite, go to step 15 for
quantitative estimation.

h. Identification of amosite. Prepare a slide in 1.680 Rl liquid. Observed the fiber morphology for
amosite characteristics: straight fibers and fiber bundles with broom-like or splayed ends. If the
morphology matches amosite, examine the fibers using the dispersion staining objective. Blue
and pale blue colors indicate the cummingtonite form of amosite, and gold and blue colors
indicate the grunerite form of amosite. If amosite is confirmed by this test, go to step 15 for
quantitative estimation, otherwise continue.

i. Identification of anthophyllite-tremolite-actinolite. Prepare a slide in 1.605 HD Rl liquid.
Examine morphology for comparison to anthophyllite-tremolite-actinolite asbestos. The
refractive indices for these forms of asbestos vary naturally within the species. Anthophyllite
can be distinguished from actinolite and tremolite by its nearly parallel extinction. Actinolite has
a light to dark green color under plane-polarized light and exhibits some pleochroism. For all

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/94



ASBESTOS (bulk): METHOD 9002. Issue 2, dated 15 August 1994 - Page 5 of 9

three, fibers will be straight, single fibers possibly with some larger composite fibers. Cleavage
fragments may also be present. Examine using the central stop dispersion staining objective.
Anthophyllite will exhibit central stop colors of blue and gold/gold-magenta; tremolite will exhibit
pale blue and yellow; and actinolite will exhibit magenta and golden-yellow colors.
NOTE: In this refractive index range, wollastonite is a common interfering mineral with similar

morphology including the presence of cleavage fragments. It has both positive and
negative sign of elongation, parallel extinction, and central stop dispersion staining
colors of pale yellow and pale yellow to magenta. If further confirmation of
wollastonite versus anthophyllite is needed, go to step "j". If any of the above forms of
asbestos were confirmed above, go to step 15 for quantitative estimation. If none of
the tests above confirmed asbestos fibers, examine the additional preparations and if
the same result occurs, report the absence of asbestos in this sample,

j. Wash a small portion of the sample in a drop of concentrated hydrochloric acid on a slide.
Place the slide, with cover slip in place, on a warm hot plate until dry. By capillary action, place
1.620 Rl liquid under the cover clip and examine the slide. Wollastonite fibers will have a
"cross-hatched" appearance across the length of the fibers and will not show central stop
dispersion colors. Anthophyllite and tremolite will still show their original dispersion colors.
NOTE: There are alternative analysis procedures to the step-wise approach outlined above

which will yield equivalent results. Some of these alternatives are:
i. Perform the initial scan for the presence of asbestos using crossed polars as well

as the first-order red compensator. This allows for simultaneous viewing of
birefringent and amorphous materials as well as determine their sign of elongation.
Some fibers which are covered with mortar may best be observed using this
configuration.

ii. Some analysts prefer to mount their first preparation in a Rl liquid different than
any asbestos materials and conduct their initial examination under plane-polarized
light.

iii. If alternative Rl liquids are used from those specified, dispersion staining colors
observed will also change. Refer to an appropriate reference for the specific
colors associated with asbestos in the Rl liquids actually used.

QUANTITATIVE ASSESSMENT:

15. Estimate the content of the asbestos type present in the sample using the 1.550 Rl preparation.
Express the estimate as an area percent of all material present, taking into account the loading and
distribution of all sample material on the slide. Use Figure 1 as an aid in arriving at your estimate.
If additional unidentified fibers are present in the sample, continue with the qualitative measurement
(step 14).
NOTE: Point-counting techniques to determine percentages of the asbestos minerals are not

generally recommended. The point-counting method only produces accurate quantitative
data when the material on the slide is homogeneous and has a uniform thickness, which is
difficult to obtain [6]. The point-counting technique is, recommended by the EPA to
determine the amount of asbestos in bulk [1]; however, in the more recent Asbestos Hazard
Emergency Response Act (AHERA) regulations, asbestos quantification may be performed
by a point-counting or equivalent estimation
method [7].

16. Make a quantitative estimate of the asbestos content of the sample from the appropriate
combination of the estimates from both the gross and microscopic examinations. If asbestos fibers
are identified, report the material as "asbestos-containing". Asbestos content should be reported as
a range of percent content. The range reported should be indicative of the analyst's precision in
estimating asbestos content. For greater quantities use Figure 1 in arriving at your estimate.

EVALUATION OF METHOD:

The method is compiled from standard techniques used in mineralogy [8-13], and from standard
laboratory procedures for bulk asbestos analysis which have been utilized for several years. These
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techniques have been successfully applied to the analysis of EPA Bulk Sample Analysis Quality
Assurance Program samples since 1982 [1,5]. However, no formal evaluation of this method, as written,
has been performed.
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Table 1 . Optical Properties of Asbestos Fibers

Mineral

Chrysolite

Cummingtonile-
Grunerite
(Amosite)

Crocidolite
(Riebeckite)

Anthophyllite

Tremolite-
Actinolite

Morphology and Color

Wavy fibers with kinks.
Splayed ends on larger
bundles. Colorless to light
brown upon being heated.
Nonpleochroic. Aspect
ratio typical ly>1 0:1.

Straight fibers and fiber
bundles. Bundle ends
appear broom-like or
splayed. Colorless to
brown upon heating. May
be weakly pleochroic.
Aspect ratio typically > 1 0: 1 .

Straight fibers and fiber
bundles. Longer fibers
show curvature. Splayed
ends on bundles.
Characteristic blue color.
Pleochroic. Aspect ratio
typically >1 0:1.

Straight fibers and fiber
bundles. Cleavage
fragments may be present.
Colorless to light brown.
Nonpleochroic to weakly
pleochroic. Aspect ratio
generally <1 0:1.

Straight and curved fibers.
Cleavage fragments
common. Large fiber
bundles show splayed
ends. Tremoliteis
colorless. Actinolite is
green and weakly to
moderately pleochroic.
Aspect ratio generally
<10:1.

Refractive Index
(Approximate Values)

_to
Elongation

1.54

1.67

1.71

1.61

1.60-1.62
(tremdite)

1.62-1.67
(actinolite)

to
Elongation

1.55

1.70

1.70

1.63

1.62-1.64
(tremolite)

1.64-1.68
(actinolite)

Birefringence

0.002-0.014

0.02 - 0.03

0.014-0.016
Interference colors
may be masked by
blue color.

0.019-0.024

0.02 - 0.03
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Table 1 . Optical Properties of Asbestos Fibers (Continued)

Mineral

Chrysotile

Cummingtonite-
Grunerite
(Amosite)

Cummingtonite
Grunerite

Crocidotite
(Riebeckite)

Anthophyllite

Tremolite-
Actinolite

Extinction

Parallel to fiber
length

Parallel to fiber
length

Parallel to fiber
length

Parallel to fiber
length

Oblique -10 to
20 for fragments.
Some composite
fibers show
extinction.

Sign of
Elongation

+ (length slow)

+ (length slow)

- (length fast)

+ (length slow)

+ (length slow)

Central Stop Dispersion Staining Colors

Rl Liquid

1.550"°

1.670

Fibers subjected
to high
temperatures will
not dispersion-
stain.
1.680
1.680

1.700

1.680

1.605"°

1.620"°

1.605"°

_to
Vibration

Blue

Red magenta to
blue

pale blue
blue

Red magenta

yellow

Blue

Blue-green

Pale blue
(tremolite)

Yellow
(actinolite)

to
Vibration

Blue-magenta

Yellow

blue
gold

Blue-magenta

pale yellow

Gold to gold-
magenta

Golden-yellow

Yellow
(tremolite)

Pale yellow
(actinolite)

HD = high-dispersion Rl liquid series.
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Development of a method for the determination of low
contents of asbestos fibres in bulk material
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Asbestos is a category 1 carcinogen under the EU
classification, but in the absence of a method to quantify
asbestos in a matrix at the 0.1 % level, there has been a
delay in implementing relevant directives to asbestos. An
analytical scheme for identification and quantification of
asbestos using polarised light microscopy (PLM) and
phase contrast optical microscopy (PCM) has now been
developed. When used on artificial mixtures by an
experienced laboratory, it achieved the required target
performance, at 0.1 % asbestos concentration by mass in a
bulk sample, to obtain a result, which with 90%
probability, is correct within a factor of two. The method
of identification by PLM and quantification by PCM has
been assessed by Intel-laboratory comparisons. The
method begins with an initial identification using PLM,
and depending on asbestos type and matrix a combination
of preparation procedures are used to produce the
analytical filter. A gentle comminution method was used
which reduces the risk of overmilling. The asbestos mass
percentage on the filter is quantified using PCM in
combination with a PLM attachment for identification of
possible non-asbestos fibres. The final method is
supported by efficient methods for fibre identification for
size determination and calculation of total fibre volume. A
statistical analysis of mass concentration estimates was
made and the effect of preferred orientation of fibres on
the analytical filter was quantified.

Keywords: Asbestos mass determination; optical microscopy;
bulk material; comminution

Asbestos is a category 1 carcinogen under the EU classification
system (EU Directive 548/67/EEC and EU Directive
88/379/EEC) based on epidemiological and animal lexico-
logical evidence. However, in the absence of a method to
quantify asbestos at the 0.1 % level in a matrix, there has been a
delay in implementing the directives to asbestos. An analytical
scheme for identification and quantification of asbestos was
thus developed. The following target performance was speci-
fied. The method should, at 0.1% asbestos concentration by
mass in a bulk sample of grain size less than 2 mm obtain a
result, which with 90% probability, is correct within a factor of
two.

Asbestos is a technical term used for the fibrous forms of
several naturally occurring silicate minerals, which have been
exploited for their useful properties. Like most other minerals,
the chemical composition of asbestos varies within a certain
range. In practice, six commercial varieties of asbestos have
been regulated by the EU:

One serpentine mineral, chrysotile (CAS No. 12001-29-5); and
five amphibole minerals, amosite (grunerite asbestos; CAS No.
12172-73-5); crocidolite (riebeckite asbestos; CAS No.
12001-28-4); tremolite asbestos (CAS No. 77536-68-6); anlho-
phyllite asbestos (CAS No. 77536-67-5); and actinolite asbestos
(CAS No. 77536-66-4).

The International Standards Organisation defines asbestos as
follows:1

'Asbestos: a collective term applied to specific serpentine and
amphibole minerals which have been crystallised in the
asbestiform habit, causing them to separate into long, thin,
strong fibres when crushed or processed. The most common
forms are . . ." the EU regulated varieties.

Asbestos occurs in a large number of metamorphic rocks
either as a constituent of the rock or as late formed fillings of
veins and cavities. When present in quantities of greater than
1%, the deposit may be commercially exploited to extract the
fibres for use as insulation or for further processing into a wide
range of commercial products. If present in the rock at less than
1%, the asbestos is essentially a contaminant of the mineral or
stone product that is being mined or quarried. In practice
asbestos can be present in quarried rock (e.g., dolomitic marble
and granite), minerals (e.g., talc and vermiculite), sediment
materials (e.g., clays) and commercial products (e.g., building
materials, fillers). No one single analytical method is suitable or
cost-effective for all these greatly different bulk materials. The
approach thus was to develop an analytical scheme built on
several building blocks each of which were based oh the
simplest possible existing methods, modified or developed as
needed.

Shape is a major determinant of toxicity and thus hazard. This
requires use of microscopical methods. It was decided to base
the method on polarised light microscopy (PLM) and phase
contrast optical microscopy (PCM) as this would ensure that a
sufficient number of testing facilities would be available, and
would keep costs low. Also the fibre mass is usually
concentrated in the thicker (visible in PCM) fibres, and further
support for choosing optical microscopy also comes from the
fact that the PCM method is used for routine quantification of
risk, once fibres have become airborne (EC Directive
83/477).

The importance of 'shape' presents a unique and very
difficult challenge to the sample preparation steps and to
quantification. External conditions of growth have a large effect
on the morphology of the crystal and the same mineral may
occur in different habits (morphological types). The morphol-
ogy of amphibole asbestos is complex and is based on the
preferential growth of long thin fibrils along the c-axis of the
amphibole crystal, and which are usually held together to form
relatively loose bundles or clusters of fibres.- The metamorphic
condition within any particular area may give rise to a
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continuous range of morphological forms only some of which
may be asbestos. The temperature, pressure, and concentration
of mineral forming medium may vary from place to place within
the same rock. Therefore, serpentine may occur as chrysotile,
antigorite or lizardite. The amphiboles may form acicular
crystals (Fig. 1), fibres (Fig. 2) or prismatic crystals which by
cleaving may generate elongated cleavage fragments (Fig. 3).
These fragments are part of a crystal, while asbestos fibres are

Fig. 1 Photomicrograph under oblique illumination of lamellar and
acicular crystals of tremolite defined as 'acicular tremolite1. Ala di Stura,
Italy.

SiiiaMffiiSiSS
Fig. 2 Photomicrograph under oblique illumination of single fibres and
bundles of fibres of tremolite defined as 'asbestiform tremolite'. James-
town, California.

Fig. 3 Photomicrograph under oblique illumination of cleavage fragment
from prismatic tremolite. Shinness, Lairg.

aggregates of numerous fibrils. Ultimately, it may not be
possible either to define the exact amount of asbestos by mass
or by number in a material, as there is no strict dividing line
between the formation of acicular crystals and asbestos.

The method is needed for classifying hazard, i.e., the
potential of a material to release fibres. A standard challenge
was developed to maximise the amount of fibres originally
present in clumps or bound in the matrix then be released in the
sample and thus be detected as fibres, while minimising the risk
of destroying fibres by overmilling. It was not the purpose of the
challenge to relate directly to exposure risk from airborne fibres,
which is handled under EC Directive 83/477/EEC. However,
for such fibres the shape criteria is: width < 3 urn, length to
width ratio (aspect ratio, AR) >3:1, length >5 u,m . Since
asbestos fibres in a bulk sample can only disintegrate into fibres
with smaller width or into shorter fibres during use, the
implications for the present method is that all fibre widths, but
only fibres longer than 5 u,m, will need to be evaluated in the
bulk material. The aspect ratio AR <3 is also used as an
exclusion criteria in the method.

Further problems related to shape arise from the use of PCM
for quantification. The analyte is observed as discrete entities
and their volume has to be estimated from the projected image.
Thus efficient counting and sizing methods and a mechanism
for extrapolation from the two to the three dimensional shape
had to be developed.

Experimental

Overview

The method begins with an initial identification using PLM, and
depending on asbestos type and matrix a combination of
preparation procedures are used to produce the analytical filter.
The asbestos mass percentage on this filter is quantified using
PCM in combination with a PLM attachment for identification
of possible non-asbestos fibres. Although measurement of
extinction angle, birefringence, pleochroism, texture, and
elongation would have allowed classification of fibres, it was
decided to use only a standard PCM with polariser and analyser
and to rely on observations that a non-specialist microscopist
could reliably and reproducibly record. The analytical scheme
allows additional analysis by scanning (SEM) or transmission
electron microscopy (TEM) for difficult samples. The flow
diagram, Fig. 4, illustrates the sample preparation scheme. The
exact choice of individual steps must be made by an
experienced person, who can write the detailed procedure to be
applied in the laboratory for each specific type of sample. The
individual steps are described below.

For development of this method a basic stock of 12 artificial
materials were produced.2 They comprised: (1) New York talc
undiluted, 20-40% anthophyllite; (2) New York talc, (1)
dilution 1:10; (3) New York talc, (2) dilution 1:10; (4) acid
washed dolomite, contains tremolite asbestos; (5) 1 % amosite in
soil, spiked; (6) fibrous wollastonite, no asbestos; (7) vermicu-
lite with tremolite asbestos, spiked, 0.05%; (8) amosite present
as asbestos cement fragments in demolition waste, spiked,
0.25%; (9) chrysotile in olivine sand, spiked, 0.01%; (10)
crocidolite in sepiolite, spiked, 0.1%; (11) amosite in talc,
spiked, 0.15%; and (12) dolomite.

Initial identification of fibres using polarised light
microscopy (PLM).

The method begins with a preliminary evaluation by stereo
microscopy. Based upon the observation of physical appear-
ance, the fibres are mounted in the most suitable refractive index
liquid. PLM is used to identify fibres using morphology,
pleochroism, birefringence, extinction, and sign of elongation.
The refractive index is assessed by observing relief, Becke line,
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or dispersion staining colours. The method is described in detail
in Burdett.3

Optical properties alone may not be sufficient to distinguish
between tremolite and actinolite from some sources (because
these minerals are members of a 'solid solution series' for which
there is continuously varying composition giving a continuous
range of refractive index) or between tremolite and antho-
phyllite (because they have similar birefringence and ranges of
refractive index). Should such distinctions be necessary,
additional methods (such as electron microscopy) may be
used.

Fibre counting and sizing using PCM-PLM

Four types of microscopical methods are commonly used for
quantification of asbestos in bulk samples:

(1) Comparison with reference slides, see for example
method 9002 in NIOSH.4 This method is semi-quantitative at
best, and is not suitable for concentrations below 1% m/m.

(2) Determination of fibre number per unit weight of
material. The result will depend critically on the preparation
step prior to microscopy.

(3) Projected area percentage determined by point counting.4

This method is inherently biased.5 The result will also depend
on the preparation step prior to microscopy.

(4) Volume determination based on measured fibre length
and projected width.

Because of the limitations of the methods 1-3, quantification
was based on volume determination.

When counting fibres using PCM, rules are needed to decide
if a fibre not completely contained in the field of view has to be
included and with which statistical weight. The following rules
and weights for a fibre overlapping the field of view were

Separate in
Andrsasen pipetta

Fig. 4 Preparation of sample for PLM-PCM quantialivc analysis.
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originally considered: by number of endpoints within field,
divided by two, termed R(Y^) rule; by 0 if lower endpoint in field,
by 1 if upper endpoint in field, /?(!) rule; ratio of fibre length
within field to total length, /{(field) rule. This is equivalent to the
rule used in practice; only the length of fibre within the field is
measured, and a weight 1 is assigned.

The properties of these counting rules were studied using
Monte Carlo simulations.2-6 It was found that the /{(field)
counting rule gave the smallest variance, and volume determi-
nation thus is based on this rule. However, since the fibre size
and distribution is needed for discriminating according to aspect
ratio, the total length is also observed, and each fibre weighted
according to counting rule /?(/£).

To improve accuracy and precision of sizing the original
Walton-Beckett graticule was modified.7 The graticule can be
obtained from Graticules Ltd., Morley Road, Tonbridge, Kent,
UK TN9 1RN (Reference number 9/950/427). It has a central
circular counting area, designed to have a diameter in the object
plane of 100 u,m, and divided into quadrants by two lines scaled
in units of 3 urn and 5 urn, respectively. Unlike the original
Walton-Beckett design the shapes around the outside of the
circle have been chosen to assist in the estimation of fibre
lengths and diameters as well as those depicting typical
countable fibres. Fibre length is measured to the nearest 5 u.m
for all fibres longer than 5 urn (no maximum fibre length). Fibre
width is measured to the nearest 0.5 \im, and placed in one of the
categories <0.5, 0.5, 1.0, 1.5 u.m, etc. Fibres falling into the
thinnest category, <0.5 (im are given the width 0.2 u.m. Given
that the fibre mass is associated with thick fibres, it was thought
that this approximation would not significantly bias the mass
percentage estimates.

Sample pre-treatment and concentration

The analytical scheme assumes that samples are received with
grain size less than 2 mm. Choice of initial amount of and
sample size reduction by coning and quartering should follow
BS 5309."

Sample pre-treatment and concentration is essential as it sets
free fibres from any binding matrix material, improves the
detection limit, and reduces effects of sample inhomogeneities.
Ashing and digestion can be used. Ashing of dry, organic
material is performed at 450 °C. Acid digestion of carbonates is
performed using 1 M HCI at room temperature, which will leave
chrysotile unharmed. In some cases, special digestion methods
must be used, such as solvent extraction of e.g., vinyl floor tiles
and acid-alkali digestion for extracting amphiboles from a
vermiculite matrix.9

Comminution

Comminution is a key step and represents the major part of the
standard challenge. A range of milling methods were initially
considered. The final selection for the study were the following
three methods:

(1) The McCrone Micronizing Mill. It uses a wet technique,
is relatively small, and is compact. The comminution process is
standardised.

(2) A steel percussion mortar, which is used by mineralogists
for comminuting minerals without damaging crystal structure.

(3) Mortar and pestle. The main reason for its inclusion was
that this technique is widely used for preparation of powders.

Milling of acid washed dolomite and of talc in a McCrone
mill showed that with increasing milling time the response for
tremolite as measured by X-ray diffractometry, fibre length, and
more important diameter, continued to decrease, whereas the
total number of fibres per unit weight of material increased
(Table 1). After 45 min milling of the acid-washed dolomite no
fibres were visible in PLM. The risk of overmilling has also
been demonstrated by others.10-"

Grinding for equal time periods of acid washed dolomite,
olivine sand and demolition waste lead to different degrees of
comminution. Zero milling time underestimated fibre mass, and
produced fewer fibres for those samples that contained fibres
bound in a matrix (Table 2). Thus milling is needed but the
McCrone mill could not be used in a one-pass procedure
ensuring that all panicles would pass a 106 u.m sieve, without
risk of overmilling.

The percussion mortar was constructed from a commercial
steel mortar with pestle and cylinder. A 'pile driver' ensured a
reproducible stroke on the pestle. Calcite, tremolite and quartz
were comminuted, and the resulting size distribution deter-
mined by sieving. An almost linear relationship was found
between the potential energy of the pile driver and the median
of the diameter distribution.

The key problem in using manual grinding by mortar and
pestle is to standardise the pressure and movement of the pestle.
This problem was resolved by using a large mortar with a heavy
pestle and by moving the pestle in a circular movement at 100
rev min~', without pressing the pestle. The degree of grinding
can be changed by changing the grinding time. Calcite was
ground to below 100 u.m in 0.25 min, tremolite in 1 min, and
quartz in 10 min. This mortar was finally chosen because the
test showed that most types of asbestos are more easily
comminuted by ceramic mortar than by percussion mortar. An
exception is chrysotile which can neither be easily comminuted
by ceramic mortar nor by percussion mortar. Furthermore a
mortar is readily available and inexpensive. It is easy to clean.

Table 1 Size distribution parameters, diffractomelric responses, and fibre number after different time-controlled comminution

Sample
Grinding
time/min

Tremolite in acid-washed dolomite
0
5

15
30
45

Tremolite in talc
0
5

15
30
45

Length/urn* Diameter/(im*

22 (2.2)
14.2 (2.4)
11 (2.2)
9.3 (2.0)
8.0(1.9)

11 (2.1)
9.2(1.8)
8.4(1.8)
6.4(1.8)
6.0(1.7)

1.6 (2,6)
1.2 (2.4)
1.05 (2.2)
0.75 (2.2)
0.66 (2.0)

4.3
3.7
2.8
2.3
2.2

(2.1)
(1.8)
(1.7)
(1-8)
(1.7)

Counts s~'
for 400 ug1

18.7 (9.2)
46.6 (6.9)
39 (3.4)
31.7 (7.0)
24.3 (1.7)

144 (12.5)
130 (11.8)
96.2 (4.8)
69.9 (2.4)
4.3 (5.8)

Number
X lOVmg

3.82
15.6
14.5
32.5
49.4

10.6 .
14.1
26.3
37.0
34.6

RSD (%)

16
8
8
6
5

8.1
7.6
6.6
5.0
4.5

* Geometric mean (geometric standard deviation in parentheses). * X-ray diffraclometric response in counts s-', arithmetic mean (standard deviation
in parentheses).
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or more specific: cleaning by grinding a portion of quartz sand
followed by washing in water eliminates the risk of cross
contamination with fibres.

In order to prevent over-comminution the grinding is carried
out by repeated grinding for 1 min and sieving (106 \im sieve)
to remove the generated fine fraction from the material in the
mortar.

It is not possible to sieve chrysotile, as the wire screen will
trap the fibres. Comminution of chrysotile to below 100 urn
remains a challenge and no suitable method of reducing
chrysotile to below 100 nm could be found. However, because
the concept of a standard challenge is essential it was decided
also to grind chrysotile, disregarding that this may be difficult to
a degree depending on the chrysotile concentration and the
matrix. The grinding time was set at 5 min, being an expert
judgement.

Fibre dispersion

The final residue is dispersed in water for preparation of the
analytical filter. Dispersion is assisted by ultrasonic treatment
and use of a dispersing agent. The effect of using acetic acid as
a dispersion agent on the fibre size, fibre mass and number
concentration (measured by PCM) was determined on acid
washed dolomite containing tremolite asbestos. It was found
that dispersion in water adjusted to pH 3.0-4.0 with acetic acid
did not change the size distribution. This was consistent with the
results that within experimental uncertainties, no change in
concentration by mass or by number could be detected.
However, since use of acetic acid facilitates dispersion of
chrysotile, and since its use is recommended by ISO,12 use of
water with adjustment of the pH between 3-4 using acetic acid
was adopted. Sonication for 30 min and 1 h gave a statistically
significant lower mass pertentage (two-sample /-test, p = 0.02)
and higher fibre number concentration (p < 0.001) of tremolite
asbestos. On the other hand, sonication reduced by a factor of 2
the RSD both for mass and for number concentrations. Use of a
high energy ultrasonic probe will actually break down the
fibres, but an ultrasonic bath used for a short time will only
disperse fibres.12 A sonication time of 10 min was finally
chosen. After sonication, the suspension is filtered onto a 0.8
|im membrane filter and cleared using the acetone-triacetin
method.13

Determination of fibre volume

When using microscopy only two dimensions; the fibre length
(Lt) and the projected fibre width (B,) is determined for each

Table 2 Results from residua] maximum likelihood (REML) analysis of
milling time. Mass percentage estimates were calculated using a cross-
sectional correction factor of k = 0.48. The predicted mean is that
calculated from the model

Sample
no.

5

8

9

10

Description

1 .0% Amosite in sand

0.25% Amosite in
demolition waste

0.01% Chrysolile in
olivine sand

0.1% Crocidolite in
sepiolite

Milling
time/min

0
0.5
1
0
0.5
1
5

20
0
5
0
1
5

Predicted
mean

(mass %)

0.94
1.92
1.09
0.055
0.25
0.15
0.18
0.25
0.0061
0.0015
0.15
0.10
0.12

Confidence
interval
(95%)

0.66-1.34
1.07-3.43
0.78-1.54

0.033-0.094
0.12-0.50

0.077-0.31
0. 1 1-0.30
0.12-0.50

0.0005-0.0691
0.0001-0.0157

0.12-0.18
0.078-0.14
0.085-0.16

fibre, i. The volume Ws of the single fibres has to be estimated
as

W, = L, (B^

Obviously the true cross section area will usually not be square
and fibres may exhibit preferred orientation on the filter. Thus
some kind of correction factor is needed. Suppose that the true
volume W™* is known. Then the shape correction factor, k, is
defined as

The correction factor applies to the total volume of a fibre
population, not to the volume of individual fibres. The exact
value of k was left open until the entire method had been
developed and recovery studies were made. The overall best fit
of PCM quantification of samples with known asbestos
concentration was obtained for k = 0.48.

Determination of asbestos mass percentage

Filter samples are prepared in replicate from each dispersion.
For both filters 50 fibres are counted or 100 fields per filter,
whichever comes first. At least 20 fields are counted. Each fibre
is observed under crossed polarisers. The stage is rotated 180°
and it is observed if any part of the fibre is illuminated
(undulating or partial extinction). If this occurs, the microscope
stage is rotated through 360°. An asbestos fibre will extinguish
at four positions each 90° apart. If extinction occurs to within
±5° of the vibration orientation of the polariser or analyser, the
fibre is classified as asbestos. All other fibres are classified as
non-asbestos. These rules do not apply for thin fibres, which
should always be classified as asbestos. The lower limit of
width is approximately 1 nm, but may be larger, depending on
the birefringence. The experience of the microscopist is
essential. Pure samples of the regulated fibre types should be
analysed at regular intervals to maintain familiarity with the
performance of the classification procedures.

Chrysotile may be distinguished from amosile, crocidolite,
tremolite asbestos, anthophyllite asbestos, and actinolite asbes-
tos by its yarn-like morphology. Amphibole asbestos fibres are
straight but long fibres can bend in curves with a large radius of
curvature.

For each individual fibre, i, W, (urn3) is calculated as

where Ltj is length of fibre within counting field and fl, is width
of fibre i, both measured in urn. The total fibre volume in the
investigated number of fields is calculated as:

ill A

allC

A refers to all individual fibres classified as amphibole and C to
all individual fibres classified as chrysotile. The volume is
corrected for influence of cross section shape by the factor k,
where JfeA = 0.48 and A:c = n/4.

It was found that W: were not log-normally distributed. Thus
maximum-likelihood estimators or minimum variance estima-
tors14 assuming log normality should not be used.

Rules for determining effective volume of fibre bundles and
clusters were not specifically developed. Fibre densities were
compiled from the literature.15-17 The fibre density may be
lower than the non-fibrous mineral, which is given in the tables'"
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of densities. Thus for chrysolite a density of 2.5 g cm-3 is
adopted. A common density of 3.0 g cm~3 is applied for all
amphiboles, as the PCM-PLM method does not always
distinguish between the different amphibole asbestos.

The mass (g) of fibres on the filter is calculated as:

NG

NG

where pA = 3.0 (g cm-3); pc = 2.5 (g cm-3); N = number of
fields analysed; G = graticule area (mm2); and A = dust
covered area of filter (mm2).

The asbestos mass percentage is calculated as:

where A/d = mass of powder (g) dispersed in total volume gto,
(cm3); (2P = volume of liquid (cm3) from dispersion filtered
onto filter surface A; MA mass of sample on filter (g); and F =
mass fraction remaining after pre-conccntration.

Discrimination by aspect ratio

In regulatory methods, an aspect ratio, AR > 3:1 has been
widely used to discriminate between a particle and a fibre.
However, crushing non-asbestos forms of anthophyllite, trem-
olite and hornblende produces fragments with AR > 3:1. In
order to differentiate between asbestos and non-asbestos fibres
it has been argued that a higher minimum aspect ratio (i.e. 10:1
to 20:1) should be used.18-20 Aspect ratio distributions of
particles from six different samples including amosite in soil
and demolition waste, tremolite in vermiculile, crocidolite in
sepiolite, chrysotile in olivine sand and New York talc have
been measured.2 It was found that an aspect ratio of about 8:1 is
the best compromise to exclude most cleavage fragments
without excluding more than about 10% of the asbestos fibres.
Unfortunately, the crude sizing bins used for the PCM sizing do
not allow this precision and the 5 u.m length bins and 0.5 urn
width bins make a 10:1 aspect ratio the pragmatic choice. Also
the 10:1 aspect ratio is shown on the graticule.

Aspect ratio discrimination is used as follows. If a non-
asbestos fibre population is indicated (the majority of fibres
having AR < 10) an estimate of the non-asbestos component
can be made by removing all fibres with AR < 10. This allows
an estimate of the remaining possible asbestos fibres to be made.
It is important that this additional discriminant analysis is
reported as an observation and the initial result without applying
the discrimination must be reported.

Results

PLM identification

The PLM method was tested on 57 samples taken from the stock
of 12 materials. Very good agreement between the PLM result
and the true asbestos component for all 57 samples analysed
was obtained. Only for undiluted and diluted New York talc,
and digested dolomite, were there any differences. However, for
all of these samples the differences were for samples containing
tremolite or anthophyllite. For all other samples the type and
proportions of asbestos found by PLM were consistent with the
known components of the original mixtures. For a sub-sample

of 22 samples, analysis was repeated. All of the original results
were reproduced.

Ashing

On 'difficult-to ash' samples containing bitumen, paint and
epoxy the relative standard deviation (RSD) of the ash content
was 1% or less (at 50% ash). For bitumen, with an ash content
of 2.1%, RSD was 5%. On samples of dolomite containing
tremolite, the RSD of the residue was 8%.

Comminution

The mortar and pestle method resulted in a reproducible
comminution as can be seen from Table 3.

Chrysotile containing samples will still contain large parti-
cles, as the repeated grinding/sieving procedure cannot be used.
For such samples, separation of the ground material into a fine
and coarse fraction using, e.g., a modified Andreasen pipette
and analysis of both fractions may be the only solution.2 The
coarse fraction should be inspected by PLM at a XI00 total
magnification. If asbestos is present these fibres should be sized
and included in the final calculation of asbestos mass percent-
age.

Statistical analysis of asbestos number and mass percentage
estimates

During the development work a considerable number of
samples were analysed by two counters at one laboratory using
quantitative PCM and the standard Walton-Beckett graticule. A
statistical analysis of the results was performed to determine
accuracy and precision of the estimated mass percentages. A
residual maximum likelihood (REML) analysis was used which
included effects for counter, milling time, accuracy and
precision, sub-samples and microscope slides.

Accuracy

Mass percentage estimates were calculated for samples with
known asbestos content using maximum-likelihood estimation
of fibre volumes. The ratio of observed to nominal asbestos
content was calculated and the shape correction factor was
adjusted to maximise the number of observations giving ratios
in the target range 0.5 to 2. This gave a value k = 0.48, and Fig.
5 illustrates the final result. The number of evaluations falling
within the target range were 87, 100, 80, 92 and 83% for
samples 5,7, 8,10 and 11, respectively. An overall total of 88%
of individual results were within the target performance range.
The analytical results were obtained using the normal Walton-
Beckett graticule and the value may need adjustment when
using the modified graticule. Also it will have to be validated
against a broader range of amphibole asbestos samples. For
chrysotile a circular cross-section is assumed (k = Jt/4). The
value of the correction factor k is in agreement with the results
of Pooley and Clark21 from which it was deduced22 that the

Table 3 Rcproducibility of comminution by ceramic mortar and pestle.
Material, grunerite, grinding time, 5 min; no. of fibres sized, 108.

Length, U\\m Widlh. B/um

Run

1
2
3

Geometric
mean

14
15
15

Geometric
standard
deviation

2.1
2.1
2.0

Geometric
mean

2.6
2.6
1.8

Geometric
standard
deviation

2.0
2.3
2.6
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following correction factors would apply: k = 0.71 for
crocidolite, k = 0.44 for amosite, and k = 0.39 for
anthophyllite. Results using direct observation of fibre cross
sections for estimating k will be published elsewhere.

Precision

Due to the discrete nature of the analyte, there will be an
inevitable variability in the fibre volume estimate. This
variability is controlled by the total number of fibres sized and
by the variance of the individual fibre volumes.23 The actual
precision of the analytical protocol was considered in terms of
the variability of the mass percentage estimates obtained from
samples for which the nominal asbestos content was known and
for which sufficient evaluations had been performed (including
repeat suspensions, repeat counts and where appropriate,
different milling times). The samples included were numbers 5
(1.0% amosite), 8 (0.25% amosite), 9 (0.01% chrysotile) and 10
(0.1% crocidolite). The REML analysis produced predicted
confidence intervals for mass percentages from samples 5, 8, 9
and 10, which are summarised in Table 2. The confidence
intervals (CI) are ± 2 mean standard errors and represent
approximately a 95% confidence interval.

Table 4 summarises the means and standard deviations for
counters 1 and 2 for samples 5, 7, 8, 9, 10 and 11 calculated as
the ratio of observed to true measurements. Notice that k
minimised the number of ratios outside the target range not the
sum of square distances of the mean from one.

There was no systematic effect of counter evident from mean
ratios. However, counter 1 almost always produced a wider
range of individual results than counter 2.
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Fig. 5 Logarithmic ratio of observed to nominal mass percentage asbestos
for samples 5, 7, 8, 9, 10 and 11. Also plotted are lines representing ratios
of 1.0,0.5 and 2.0. (The target value and lower and upper acceptable values,
respectively).

Table 4 Mean and standard deviations (s) of mass percentages calculated as
ratios of observed to nominal mass percentage estimates (k = 0.48)

Counter 1 Counter 2
Sample
number

5
7

Mean
1.33
0.87

s
0.80
0.22

8' 0.72 0.37
9 1.67 1.93

10 1.14 0.42
11 1.39 0.60

' Zero milling time not included.

Mean
1.23
1.24

1.01
0.60
1.21
1.93

s
0.43
0.34

0.40
0.61
0.37
0.40

The statistical analysis showed that accuracy and precision of
asbestos mass percentage estimates were generally good.
Accuracy although ultimately dependent on the most appro-
priate correction factor, k, was close to the method's target
performance criteria. The method was best applied to material
containing amphibole asbestos. The method was generally
unreliable for materials containing chrysotile.

PLM intercomparison

Two round robins, each involving four samples have been
completed in which a number of EU laboratories and a selected
group of UK laboratories accredited by the United Kingdom
Accreditation Service (UKAS) for both the sampling and
analysis of bulk asbestos were invited. The laboratories were
asked to report whether asbestos was present in the sample and
the type of asbestos found. In addition, the laboratories were
asked to provide the visually estimated volume percentage of
asbestos. No method for this was circulated, but it was seen as
an opportunity to measure the bias that would be present if
laboratories attempt to estimate asbestos content.

The laboratories were assessed by a scoring system based on
analytical errors. Details will be published elsewhere. In
summary, none of the laboratories made errors which were
analytically unacceptable and which would have serious
consequences if committed in reality. Some errors were made
which were analytically unacceptable but that might not have
significant consequences; such as the failure to detect a
proportion of one asbestos component in the presence of an
already detected amphibole asbestos, the false positive identi-
fication of a very small amount of asbestos in the absence of any
other asbestos, or the failure to detect such a component. More
errors were made which were analytically almost acceptable
and would have no significant consequences; such as the failure
to detect a very small proportion of any asbestos in the presence
of an already detected amphibole asbestos, a false positive
identification of one or more asbestos in the presence of an
already detected amphibole asbestos, or the identification of
tremolite as actinolite or anthophyllite, etc. This error rate
represents what specially selected laboratories can achieve and
thus what the method is likely to achieve. The result stresses the
importance of training and experience of the microscopist and
an adequate quality assurance programme. Details will be
published elsewhere.

PCM-PLM intercomparison

An intercomparison in two parts of the PCM-PLM quantifica-
tion method has been conducted, and details will be given
elsewhere. The participants received a prepared slide and a
simple bulk sample in the first round and five bulk samples in
the second. Results were received from 12 in the first and from
II in the second round. The results are shown in Fig. 6. One
laboratory in particular (number 6) was known to be con-
siderably more experienced than most and had already under-
taken a considerable amount of research in developing a similar
method for asbestos quantification. One sample contained only
chrysotile and most laboratories reported the presence of a
varying proportion of amphibole fibres incorrectly applying a
correction factor, k, for each amphibole fibre reported. The
resulting mass percentage estimates for this sample are
therefore generally underestimated by an unknown amount. The
findings for (his first interlaboratory exchange indicate that with
care, experience and perhaps considerable practice, it is possible
to achieve analytical results approaching the target performance
range. . ; •
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Discussion

Use of optical microscopy limits the lower limit of visibility of
fibres. Optical properties such as isotropic-non-isotropic and
parallel-non-parallel extinction can only be observed if fibres
have a minimum width B. For observed fibre width below about
1 urn no such observations can be made. Thus to minimise risk
of false negatives (stating compliance with target concentration
when the true concentration exceed the limit), such fibres have
to be classified as asbestos. This increases the risk of false
positives. However, it is always possible to use electron
microscopy for further analysis of samples, e.g., if the result was
> 0.1 % rn/m and there is reason to believe that a considerable
part of the fibre mass is not asbestos. A risk of false negatives
cannot be entirely eliminated, e.g., for samples containing
extremely thin fibres in large quantities. A person experienced'
in mineralogy may assess mineral constituents which combined
with knowledge of sample origin may give clues about this risk.
The method was generally unreliable for materials containing
chrysotile.

Microscope samples will always contain particles from
coarser materials comminuted during the production process
and/or during the standard challenge. This may contaminate the
sample with elongated cleavage fragments, which according to
the present definition in EU regulation are not asbestos. A
considerable part of our research, and of the effort to be spent by
laboratories during analysis, stems from the need to separate
those fragments from the legally defined asbestos. It is
interesting to notice the recent decision to classify the bio-
durable man-made ceramic fibres as a category 2 carcinogen.24

This could support the following hypothesis: provided cleavage
fragments if inhaled have the same bio-durability as their
asbestiform counterparts of the same size and shape, a
difference in health effect is unlikely. If this hypothesis is true,
it implies that the analyst at present has to spend large efforts on
differentiating between asbestos fibres and fragments from the
same parent rock, with no benefit to health protection.

In the interlaboratory comparison one of the most experi-
enced laboratories came very close to the target performance.
This is promising if compared with the experience from the
Asbestos Fibre Regular Informal Counting Arrangement
(AFRICA) scheme.25 This scheme has shown that: (1) There is
a learning curve for microscopists, and it should be expected
that full time training over two weeks and supervision during
one month's work with the method is needed to obtain reliable
results. (2) Even for the much easier task of only counting fibre
number on prepared microscope slides, the AFRICA scheme
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cannot after years of operation obtain a target performance as
the one specified in the present project. Thus the original target
performance may have to be relaxed.

This work was conducted under European Community Contract
No MAT1-CT93-0003.
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These charts were specifically created to aid the visual estimation of fibrous
structures in SEM images for the specified screen aspect ratio.

The aspect ratios of the fibrous objects used in these charts range from 12:1 to 20:1,
centering around 16:1, to mimic Libby amphiboles.

For each percentage, three charts were created with different numbers of fibrous
objects to approximate real-world situations.

The area percentages of fibrous objects in all charts have been analyzed using
Image-Pro Plus 4.5 and confirmed to be accurate within ± 0.005% of the specified
values.

For each percentage, one set of positives and one set of negatives are provided so
that an analyst can choose the one that suits his or her vision.

As shown by the charts of 0.5%, 0.8%, 1.0% and 1.5%, it is not easy to visually
ascertain whether the total percentage of asbestos structures in an FOV (field of
view) is above or below 1.0%.

As shown by the charts of 20% and 30%, mental grouping structures together
without the aid of appropriate reference charts tends to overestimate the actual
concentration.

Comments and suggestions to improve these charts are welcome. Please contact
the author at 302-995-3498 or scsu@delanet.com.
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Analysis of Asbestos Fibers in Soil by Polarized Light Microscopy
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LIBBY SUPERFUND SITE STANDARD OPERATING PROCEDURE
ANALYSIS OF SOIL-LIKE MEDIA FOR ASBESTOS BY POLARIZED LIGHT MICROSCOPY

1.0 PURPOSE

The purpose of this standard operating procedure (SOP) is to provide a standard approach for

semi-quantitative analysis of asbestos in samples of soil or other soil-like materials using
polarized light microscopy (PLM). This SOP is specifically intended for application at the Libby

Superfund site.

2.0 SCOPE AND APPLICATION

This method is intended mainly for analysis of asbestos in soil or other similar soil-like media.

This method is appropriate for the analysis of all types of asbestos fibers, including both
chrysotile and amphiboles, including those that are characteristic of the Libby site.

3.0 RESPONSIBILITIES

It is the responsibility of the laboratory supervisor to ensure that all analyses and quality
assurance procedures are performed in accord with this SOP, and to identify and take appropriate

corrective action to address any deviations that may occur during sample preparation or analysis.
The laboratory supervisor should also communicate with project managers at EPA or their

oversight contractors any situations where a change from the SOP may be useful, and must
receive approval from EPA for any deviation or modification from the SOP before proceeding

with sample preparation and analysis.

4.0 METHOD DESCRIPTION

The soil sample to be evaluated for asbestos content by PLM is examined under

stereomicroscopy and under PLM (3-5 slides per sample) to estimate the amount of asbestos

present. Quantification of the amount of asbestos present may be done either using a visual

estimation approach or by a point counting approach, as specified in the Chain of Custody

request. In either case, the concentration of Libby amphibole asbestos in the sample is estimated

in terms of mass fraction (i.e., percent asbestos by weight) based on the use of project-specific

reference materials.

N:\SOPS AND DEVIATIONS\SRC-LIBBY-03 RO V8 (PLM)\SRC-LIBBY-03 RO V8 (PLM).DOC Page 2 of 10



LlBBY SUPERFUND SITE STANDARD OPERATING PROCEDURE

ANALYSIS OF SOIL-LIKE MEDIA FOR ASBESTOS BY POLARIZED LIGHT MICROSCOPY

5.0 DETAILED METHOD

5.1 Basic Methods

All qualitative and quantitative analyses are to be performed in general accordance with the

methods and techniques specified in NIOSH 9002, EPA 600/R-93/116, and CARB Method 435.

Project-specific modification, clarifications, and requirements are provided below.

5.2 Visual Estimation Approach

5.2.7 Classification of Asbestos Mineral Type

Based on fiber attributes (morphology, refractive index, color, birefringence, etc.), asbestos in the
sample is classified into one of three categories:

Code

LA

OA

C

Description

Libby Amphibole

Other amphibole

Chrysotile

Notes

Refractive index values for LA span the standard values for
tremolite/actinolite (EPA 1993), but may include values for
other similar amphiboles (e.g., winchite, richterite)
characteristic of the mine at Libby. Based on analysis of 4
different samples from the mine (Wylie and Verkouteren
2000; USGS, unpublished data; Verkouteren, personal
communication), observed refractive indices of Libby
amphiboles range from about 1. 629-1. 640y and 1.614-1. 623a,
with a birefringence of about 0.017. The full range of
refractive indices of samples from the mine may be somewhat
greater.

Includes amphibole forms (e.g., amosite, crocidolite,
anthophyllite) that are not thought to occur in significant
amount at the mine in Libby

5.2.2 Estimation of LA Mass Percent

The visual area estimation is a semi-quantitative approach that requires the microscopist to

estimate the area fraction of the total material present in a field of view that consists of asbestos

material. Because this estimation may be difficult, especially at low concentration values, and

N:\SOPS AND DEVIATIONS\SRC-LIBBY-03 RO V8 (PLM)\SRC-LIBBY-03 RO V8 (PLM).DOC Page 3 of 10



LTBBY SUPERFUND SITE STANDARD OPERATING PROCEDURE
ANALYSIS OF SOIL-LIKE MEDIA FOR ASBESTOS BY POLARIZED LIGHT MICROSCOPY

because the desired output is an estimate of mass fraction (rather than area fraction), all visual
estimates of Libby amphibole content will be performed using a set of site-specific reference
materials as a frame of reference. These reference material will contain either 0.2 % or 1.0%
Libby amphibole by weight, and have been prepared for analysis using the same approach as for
field samples. Because the ability to visualize asbestos under stereomicroscopy and PLM may
depend in part on the attributes of the soil matrix, reference materials have been prepared using
two different site-specific soils, referred to as "brown" and "tan". These two soil types are
generally similar in their principal mineral components, but may differ in the relative amounts of
trace mineral components and in their organic content.

The microscopist will examine the field soil and determine which type of reference material (tan
or brown) most closely resembles the field sample. (If the field sample is substantially different
in appearance than either type of reference material, this should be noted in the sample results).
Then, using the two reference concentrations (0.2% and 1.0% ) of that soil type as a visual guide,
the microscopist will evaluate the field sample and report the results as follows:

PLM Laboratory Report

Qual

ND

Tr

<

Cone (wt.%)

1

1,2, 3, etc

Bin

A

Bl

B2

C

Description

Asbestos was not observed in the field sample

Asbestos was observed in the field sample at a level that
appeared to be lower than the 0.2% reference material

Asbestos was observed in the field sample at a level that
appeared to exceed the 0.2% reference material but was less
than the 1 % reference material.

Asbestos was observed in the field sample at a level that
appeared to equal or exceed the 1% standard. In this case, the
mass percent is estimated quantitatively.

"ND" (not detected) in the Qualifier column is used for all samples in which asbestos is not
observed under stereomicroscopy and is also not detected in five (5) different PLM slides
prepared using representative sub-samples of the test material. These samples are assigned to
Bin A.
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"Tr" (trace) in the Qualifier column is used for all samples in which asbestos is observed
either under stereomicroscopy or in at least one out of 3-5 PLM slides prepared from
representative sub-samples of the test material, and in which the amount of asbestos present
appears to be less than the 0.2 % reference material (tan and/or brown, whichever is most similar
in appearance to the test material). These samples are assigned to Bin Bl.

"<" (less than) in the Qualifier column and 1 in the Concentration column is used for all
samples in which asbestos is observed either under stereomicroscopy or in PLM slides prepared
from representative sub-samples of the test material, and in which the amount of asbestos present
appears to be similar to or greater than the 0.2 % reference material but less than the 1%
reference material (tan and/or brown, whichever is most similar in appearance to the test
material). These samples are assigned to Bin B2.

A numeric value (1,2,3, etc) in the Concentration column without an entry in the Qualifier

column is used for all samples in which asbestos is observed either under stereomicroscopy or in
PLM slides prepared from representative sub-samples of the test material, and in which the
amount of asbestos present appears to be similar to or greater than the 1 % reference material (tan
and/or brown, whichever is most similar in appearance to the test material). These samples are

assigned to Bin C.

Note that because these reference materials are based on Libby amphibole, they are not

appropriate for estimating the mass percent of other types of asbestos (chrysotile, other types of

asbestos). Therefore, if any asbestos types besides Libby amphibole are observed, the reported
values for those samples should be in units of area percent.

5.3 Point Counting Approach

5.3.1 Counting Procedure

Any analysis in which evaluation by point counting is requested will be performed in general

accordance with the descriptions provided in EPA/600/R-93/116 and CARB Method 435. The

total number of particles to be counted (generally 400 or 1000) will be specified in the Chain of

Custody request.
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Take eight sub-samples of the soil sample and mount each separately with the appropriate
refractive index liquid. The preparations should not be heavily loaded. Each sample should be
uniformly dispersed to avoid overlapping particles and allow 25-50% empty area within the
fields of view.

An ocular reticule (point array) or cross-hair is used to visually superimpose points on the
microscope field of view. Count 1/8 of the total points required on each of the 8 slides (e.g., 50
non-empty points per slide for a 400 point count and 125 non-empty points per slide for a 1000
point count). For each non-empty point counted, assign the particle that is present at the point
into one of four bins:

D Not asbestos
D Libby asbestos (LA)
D Other asbestos (OA)
D Chrysotile asbestos (C)

In order for a particle to be counted as asbestos, the aspect ratio must be £ 3:1.

After the required total number of non-empty points have been counted, record the total number
of points in the LA, OA and C bins on the point counting data sheet.

5.3.2 Estimation of Mass Percent

Like visual estimation, the output of the point counting approach is an estimate of area fraction,
not mass fraction. For this site, point-count estimates of area fraction for Libby amphibole
particles will be converted into estimates of mass fraction using a standard curve approach.

The standard curve will be prepared using a series of site-specific reference materials containing
0%, 0.2%, 0.5%, 1%, or 2% Libby amphibole. The area fraction of each reference material will
be estimated by the point counting approach in quadruplicate. The standard curve will be
prepared by plotting the mean area fraction determined by point counting versus the mass percent
in the reference material. The mass fraction of a field sample will be determined by measuring
the area fraction of the field sample and locating the mass fraction that corresponds to that area
fraction on the standard curve.
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Because the standard curve is based on Libby amphibole, it is not appropriate to utilize this

standard curve for other types of asbestos. Therefore, if any asbestos types besides Libby
amphibole are observed, the reported values for those samples should be in units of area percent.

6.0 APPARATUS AND MATERIALS

Polarized light microscope, with lens and filters
Stereomicrqscope (approximately 10-45x)

Petri dish for stereomicroscopic sample examination

Spatula and forceps

Glass slides and cover slips
Refractive Index (RI) oils
Reference Materials

Tan soil, 0.2% LA by mass
Tan soil, 1.0% LA by mass
Brown Soil, 0.2% LA by mass
Brown soil, 1.0% LA by mass

Laboratory log book
Data recording sheet (Attachment 1)

7.0 QUALITY ASSURANCE/QUALITY CONTROL

7.1 Precision and Accuracy

PLM by visual estimation and point counting are both semi-quantitative methods. For the

purposes of this project, the accuracy and precision of the method are evaluated by measuring the
frequency with which samples are assigned to the correct "bins". Data on precision and accuracy

of bin assignment will be collected in the future and used to establish performance criteria for

this project.
L

7.2 Method Proficiency

At present, sufficient data are not available to establish a quantitative procedure for method

proficiency demonstration. As results become available, a procedure will be established and

applied, based on the analysis of a set of blind Performance Evaluation materials and assessing
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the frequency of correct bin assignments. If the assignments reported by a laboratory are within
acceptance criteria bounds (see Section 7.1), then that laboratory will be deemed proficient. If
not, remedial actions must be taken to address the errors before work may begin by that
laboratory.

8.0 RECORDS

8.1 PLM Data Forms

Analysts will record analytical results using the electronic data sheets developed for the Libby
project, as presented in Attachment 1. Note that there are two different electronic forms; one is
for use in visual area estimation, and the other is for use in point counting. Once completed and
checked, these spreadsheets are submitted to EPA for upload into the database. The laboratory
should retain all original records for use in resolving any questions until otherwise instructed by
EPA.

8.2 Instrument Maintenance Logbook

An individual instrument maintenance logbook should be kept for each piece of equipment in use
at the laboratory. All maintenance activities must be recorded in the appropriate logbook.

8.3 Data Storage and Archival

Electronic Data. Each day of data acquisition, all electronic files will be saved onto two separate
media. For example, the data may be saved onto a computer hard drive, but must also be backed
up onto a type of portable media such as CD-ROM, floppy disc, or tape. Portable media will be
maintained in a single location with limited access.

Hardcopy Data. All data sheets and micrographs must be stored in a secured location with
limited access (e.g., locking file cabinet) when not in use.

Copies (hardcopy and electronic) of the raw analytical data will be submitted to USEPA for
archival.
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9.0 REFERENCES

CARB 435. California Environmental Protection Agency Air Resources Board, Method 435,

Determination of Asbestos Content in Serpentine Aggregate. June 6, 1991.

EPA. 1993. Method for the Determination of Asbestos in Bulk Building Materials. United
States Environmental Protection Agency, Office of Research and Development. EPA/600/R-

93/116. July 1993.

EPA. 2003. Technical Memo 8. Procedure for Combining Mass Fraction Estimates for Coarse
and Fine Fractions of Soil. Prepared by US EPA Region 8 with technical assistance from

Syracuse Research Corporation.

NIOSH. 1994. Asbestos (Bulk) by PLM. NIOSH Manual of Analytical Methods, Fourth
Edition. National Institute of Occupational Safety and Health. August 15, 1994.

Wylie AG and Verkouteren JR. 2000. Amphibole Asbestos from Libby, Montana: Aspects of
Nomenclature. American Mineralogist 85:1540-1542.
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LEBBY SUPERFUND SITE STANDARD OPERATING PROCEDURE
ANALYSIS OF SOIL-LIKE MEDIA FOR ASBESTOS BY POLARIZED LIGHT MICROSCOPY

ATTACHMENT 1

PLM DATA RECORDING SHEETS

PLM (VE and PC) Data Sheet and EDD v4.xls
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LIBBY STANDARD OPERATING PROCEDURE

SRC-LIBBY-04 (REVISION 0): MEASUREMENT OF DUST LOADING

1.0 PURPOSE

The purpose of this Standard Operating Procedure (SOP) is to provide a standardized method for
collection and weighing dust from a known area in order to estimate dust loading (mg/cm2).
This procedure will be used by employees of USEPA Region 8 and by
contractors/subcontractors supporting USEPA Region 8 projects and tasks for the Remedial
Investigation work performed at the Libby, Montana site.

2.0 RESPONSIBILITIES

The Field Sampling Team Leader is responsible for ensuring that dust samples are collected in
accord with SOP ASTM D5755-95, as amended in this SOP. The Laboratory Director is
responsible for ensuring that dust samples provided to the laboratory for evaluation by this SOP
are handled and evaluated in accord with the requirements of this SOP. It is also the
responsibility of the Laboratory Director to communicate the need for any deviations from the
SOP with the appropriate USEPA Region 8 Remedial Project Manager or Regional Chemist.

3.0 EQUIPMENT

• Microvac apparatus and filter cassette as described in ASTM D5755-95
Template of known area to mark off area to be vacuumed

• Environmental chamber that controls temperature and humidity
• Filtration device and filters

4.0 METHOD SUMMARY

Dust is vacuumed from within the boundary from a 100-cm2 template in accord with ASTM
D5755-95. In some cases, a composite sample from more than one template area may be
collected. The dust is transferred from the cassette onto a pre-weighed filter, and the dust
loading is calculated as the mass of dust divided by the area vacuumed.

5.0 SAMPLE COLLECTION

Dust samples will be collected in accord with current standard operating procedures at the Libby
site, which is based on ASTM Method D 5755-95. The following project-specific modifications
apply:

1. The number of templates vacuumed into the cassette should be sufficient that the total
mass of dust in the cassette can be measured without undue difficulty. This is expected
to vary from home to home. The default approach is to collect dust from a total of 5
templates (500 cm2). These templates should be collected from locations that are
representative of areas where residents may be exposed, including bare floors, carpets,
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SRC-LIBBY-04 (REVISION 0): MEASUREMENT OF DUST LOADING

upholstery, counter tops, etc. Samples should not be collected from poorly-accessible
areas (e.g., under the refrigerator). Because of the possibility that flow through the
vacuum may decrease if the filter becomes overloaded, the flow rate must be checked at
the beginning and end of each template collected. If flow rate through the vacuum
decreases more than 10%, no further templates should be collected.

2. Submit the dust cassettes under chain-of-custody to the analytical laboratory.

6.0 DUST WEIGHING

Dust loading is determined by analytical transfer of the dust sample from the cassette to a filter
of known mass. Determine the mass of the dust collected onto a cassette as described below.

6.1 Weight Filter

Pre-equilibrate a filter in an environmental chamber as described in NIOSH 0500. The relative
humidity should be 50% ± 5%, and the temperature should be 20°C ± 1°C.

Record the mass of the filter to the nearest 0.1 mg.

6.2 Transfer Dust to Pre-Weighed Filter

Place the pre-weighed filter into a filtration device, and use de-ionized water to rinse the
contents of the dust microvac cassette into the filtration device. Remove excess water by
vacuum, and dry the filter under a heat lamp.

6.3 Weight Filter Plus Dust

Placed the dried filter back into the environmental chamber. After equilibration, re-weigh the
filter plus dust to the nearest 0.1 mg, and calculate the mass of dust by difference.

7.0 CALCULATION OF DUST LOADING

Calculate dust loading (DL) as follows:

DL (mg/cm2) = Mass of dust (mg) / [Area of template (cm2) • number of templates collected]

8.0 DOCUMENTATION

The laboratory must maintain a log to document that the analytical balance used to weigh dust
samples is accurate. Calibration of the analytical balance should occur once per day when dust
weights are being measured.
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The laboratory must maintain a log to document that conditions within the environmental
chamber remains at the desired temperature and humidity settings. Calibration of the
environmental chamber must occur once per day when the environmental chamber is in use.

All weight measurements will be maintained in the laboratory log book and transmitted to EPA
using the electronic data reporting sheet provided in Attachment 1.

9.0 QUALITY ASSURANCE

There are no quality assurance samples to be run as part of this project.

10.0 DECONTAMINATION

All non-disposable equipment used during sample collection and preparation must be
decontaminated prior to use. If dust soil particles are visible on any of the equipment, repeat the
decontamination procedure until the equipment is clean.

11.0 REFERENCES

American Society for Testing and Materials. 1995. Standard Test method for Microvacuum
sampling and Indirect Analysis of Dust by Transmission Electron Microscopy for Asbestos
Structure Number Concentrations. ASTM Method D 5755-95.

NIOSH. 1994. Method 0500 (Issue 2). Particulates Not Otherwise Regulated, Total. NIOSH
Manual of Analytical Methods, Fourth Edition. 8/15/94.
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SRC-LIBBY-04 (REVISION 0): MEASUREMENT OF DUST LOADING

ATTACHMENT 1

ELECTRONIC DATA REPORTING SHEET

See Excel file "Dust Loading Data Sheet.xls"

(Check with Volpe or SRC to determine the most recent version number)
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TECHNICAL STANDARD OPERATING PROCEDURE
SRC-LIBBY-01

1.0 PURPOSE

The purpose of this Standard Operating Procedure (SOP) is to provide a standardized screening
method for the visual examination of the coarse fraction of previously sieved soil samples for
evidence of asbestos mineral content using stereomicroscopy with confirmation of asbestos
content by polarized light microscopy (PLM). This SOP incorporates salient components of
EPA Test Method 600/R-93/116 Method for Determination of Asbestos in Bulk Building
Materials and National Institute of Occupational Safety and Health (NIOSH) Method 9002
Asbestos (bulk) by PLM, Issue 2.

This procedure will be used by employees of contractors/subcontractors supporting USEPA
Region 8 projects and tasks for the Libby, Montana, site. Deviations from the procedure
outlined in this document must be approved by the USEPA Region 8 Remedial Project Manager
or Regional Chemist prior to initiation of sample analysis.

2.0 PREREQUISITE TRAINING

Visual examination will be performed according to this SOP by a laboratory accredited by the
National Voluntary Laboratory Accreditation Program (NVLAP) and by analysts proficient
either by education or experience in asbestos mineral identification by stereomicroscopy and
PLM. Analyst familiarity with the procedural applications prescribed in EPA Test Method
600/R-93/116 and NIOSH Method 9002 is required.

Training as described in the Sampling and Analysis Plan, Remedial Investigation, Contaminant
Screening Study, Libby Asbestos Site, Operable Unit 4, (CSS SQAPP [CDM 2002]) will be
provided to laboratory personnel or laboratories with less than one year of project-specific
experience by "mentors" from either Reservoir Environmental Services, Inc. or EMSL.

3.0 RESPONSIBILITIES

The CDM Laboratory Coordinator (LC) is responsible for overseeing the activities of the CDM
Soil Preparation Laboratory and subcontracted laboratories performing sample analysis for the
Libby, Montana, project. The LC is also responsible for checking all work performed and
verifying that the work satisfies the specific tasks outlined by this SOP and the CSS SQAPP. It
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is the responsibility of the LC to communicate with the project personnel and subcontracted
laboratory regarding specific analysis objectives and anticipated situations that require any
deviation from the CSS SQAPP SOPs. In addition, it is the responsibility of the LC to
communicate the need for any deviations from this SOP with the CDM Project Manager,
USEPA Region 8 personnel (Remedial Project Manager or Regional Chemist.)

Subcontracted laboratory analysts performing the visual examination are responsible for
adhering to the applicable tasks outlined in this SOP and substantiating components of the
reference procedures (EPA 1993; NIOSH 1994) with the modifications contained herein.

4.0 EQUIPMENT

• Analytical balance - accurate to 0.01 g, range of 0.01 g to 1000 g (for weighing total

sample)

Analytical balance - accurate to 1 mg (for weighing asbestos)

• Traceable standards - major asbestos types

• Microscope - binocular stereomicroscope, 5-60X approximate magnification

Microscope - polarized light, binocular or monocular with a cross hair reticle (or
functional equivalent) and magnification of at least 8X
- 10X, 20X, and 40X objectives
- 360 degree rotatable stage
- substage condenser with iris diaphragm
- polarizer and analyzer which can be placed at 90 degrees to one another
and calibrated relative to the cross-line reticle in the ocular
- port for wave plates and compensators
- wave retardation plate (Red I Compensator) with -550 nanometer

retardation and known slow and fast vibration directions

• Light Sources - incandescent or fluorescent
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• Tweezers, dissecting needles, scalpels, probes, razor knives, etc. - standard sample
manipulation instruments/tools

• Microscope slides and cover slips

• Refractive index liquids

• Pre-tared glassine paper, glass plates, weigh boats, petri dishes, watchglasses. etc. -
laboratory sample containers

• HEPA-filtered or Class 1 biohazard hood negative pressure

• Three-ring binder book- binders will contain Microscopic Examination Logbook Sheets
(Attachment 1)

5.0 METHOD

Soils from the Libby, Montana site will be dried, sieved, and prepared according to the most
recent revision of SOP ISSI-LIBBY-01, Soil Sample Preparation. The coarse fraction of the soil
sample is defined as that portion of the sample which does not pass through a 1/4" sieve. The
coarse fraction will be weighed, placed in a zip-top plastic bag, and labeled as described in
Camp, Dresser, and McKee (COM) SOP 1-3 (with project-specific modifications). The samples
will be packaged and shipped by the soil preparation laboratory as described in CDM SOP 2-1
(with project-specific modifications) and transferred to the laboratory via chain-of-custody
procedures described in CDM SOP 1-2 (with project-specific modifications).

The following sections describe the stereomicroscopic and PLM examination. Materials
tentatively characterized as asbestos by stereomicroscopy will be isolated and subjected to
confirmation by PLM. The mass % of Libby amphibole asbestos, other amphibole asbestos, and
chrysotile asbestos in the coarse soil fraction will be calculated from the mass of each asbestos
type positively identified by PLM and the original sample weight. Figure 1 provides an
overview of the process.
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5.1 Stereomicroscopic Examination

The laboratory will receive the coarse fraction soil samples from the CDM Soil Preparation
Laboratory. The entire sample will be weighed and placed in an appropriate container. The
weight of each coarse sample will be recorded, along with the sample identification, on the
Microscope Examination Logbook Sheet. The sample will be subject to Stereomicroscopic
examination and particle segregation as depicted Figure 1. The Stereomicroscopic examination
to identify and segregate asbestos includes:

using multiple fields of view over the entire sample
• probing the sample by turning pieces over and breaking clumps where possible
• manipulating the sample using appropriate instruments/tools
• observing homogeneity, texture, friability, color and extent of any observed asbestos in

the sample(s)

NOTE: Although the coarse fraction is prepared by sieving with a 1/4" screen, particles smaller
than 1/4" may be present in the fraction due to adherence between coarse and fine particles. This
may even include some very fine asbestos fibers. Because of the technical difficulty, the analyst
should not attempt to physically segregate and weigh particles smaller than about 2-3 mm (1/10
inch). A particle this size is expected to have a mass of about 10-20 mg, which is less than 0.1%
of a sample whose total mass is 25 grams. If no particles larger than 2-3 mm are present, this
should be noted in the data sheet for each category of asbestos using the following code system:

• ND = No asbestos observed
• Tr = Trace levels of asbestos observed but not quantified

The weight fraction for any asbestos type marked "ND" or "Tr" in a given sample is not
calculated and is left blank.

As the sample is examined, the analyst will continue segregation of the sample until the entire
coarse soil fraction has been characterized as either "non-asbestos" or "tentatively identified
asbestos." The tentatively identified asbestos particles will be examined by PLM, as described
below. The stereomicroscopist will initial and date the Microscopy Examination Logbook Sheet.
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5.2 PLM

The coarse material tentatively identified as asbestos by stereomicroscopic examination will be
subject to confirmation using PLM, as described in SOP SRC-LIBBY-03 (Revision 0)
("Analysis of Asbestos Fibers in Soil by Polarized Light Microscopy"). The PLM examination
will be used to confirm that the particles tentatively classified as asbestos are actually asbestos,
and will be assign each particles to one of three categories:

LA = Libby amphibole
OA = Other amphibole
C = Chrysotile

If OA is observed, the type of OA observed should be noted in the data sheet using the following
code system:

AMOS = Amosite
ANTH = Anthophyllite
CROC = Crocidolite
UNK = Unknown

The total weight of each type of positively identified asbestos (LA, OA, C) will be determined
and recorded on the Microscopic Examination Logbook Sheet, along with the analyst's initials
and the date of the examination.

6.0 QUALITY ASSURANCE

Laboratories performing the examination must be accredited by NVLAP. "Calibration" should
be verifiable for each microscopist in terms of project-specific training and the successful
analysis of materials of known asbestos content (NVLAP test samples, in-house standards)
similar to those anticipated to be observed in Libby, Montana soils. Additionally, references
such as photographs of the asbestos minerals illustrating distinguishing properties should be
available benchside during characterization.

Quality control samples as described in ISSI-LIBBY-01 (i.e., preparation duplicates) will not
submitted for the coarse materials samples. The entire coarse fraction will be subject to

examination.

Page 6 of 10



TECHNICAL STANDARD OPERATING PROCEDURE
SRC-LIBBY-01

7.0 REFERENCES

CDM 2002. Sampling and Analysis Plan, Remedial Investigation, Contaminant Screening Study,
Libby Asbestos Site, Operable Unit 4. 3282-116-PP-SAMP-14187. Camp, Dresser and McKee
Denver, Colorado. April.

NIOSH 1994. National Institute of Occupational Safety and Health (NIOSH) Method 9002
Asbestos (bulk) by PLM, Issue 2.

USEPA 1993. Method for Determination of Asbestos in Bulk Building Materials. 600/R-

93/116.
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Figure 1. Overview of Sample Examination Process

Coarse Soil Fraction
(W3)

Non-Asbestos

Libby Amphibole
Asbestos (W6)

[ Tentatively Identified
Asbestos

PLM

Other Amphibole
Asbestos (W9)

Chrysotile Asbestos
(W12)

W3 = Original coarse soil fraction mass (g)
W6 = If present in measurable quantities, mass (mg) of Libby amphibole
W9 = If present in measurable quantities, mass (mg) of other amphibole
W12 = If present in measurable quantities, mass (mg) of chrysotile

Codes used in the illustration (e.g., W3) correspond to Data Log Sheet
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ATTACHMENT 1

MICROSCOPIC EXAMINATION LOGBOOK SHEET

See attached electronic file "SRC-LIBBY-01 Data sheet and EDO v6a.xls"

Example hard copy of data entry sheet shown on next page (for illustration purposes only).
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Title: QUANTIFICATION OF ASBESTOS IN SOIL BY SEM/EDS

Author: William Brattin" Syracuse Research Corporation

8 This SOP is adapted from methods developed by the US Geological Survey (USGS 2002) and by
EMSL Analytical Inc. (EMSL 2000), along with input from other Libby analytical team members.

SYNOPSIS: A method for estimating the asbestos content (mass percent) of soil using Scanning
Electron Microscopy (SEM) and Energy-Dispersive X-Ray Spectroscopy (EDS) is described. The
method is intended mainly for analysis of amphibole asbestos similar to that derived from the mine
in Libby, and is intended mainly for soil samples that contain less than 1% asbestos by mass.
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1.0 PURPOSE

The purpose of this document is to describe a standard operating procedure (SOP) for estimating the
concentration (expressed as weight percent) of amphibole asbestos found in soils in Libby, MT, by

using scanning electron microscopy (SEM) and energy dispersive x-ray spectroscopy (EDS).

Because confirmation of mineral type by x-ray diffraction pattern is not included, the method

should be considered a screening technique. This SOP is specifically intended for use by

employees of USEPA Region 8 and by contractors supporting USEPA Region 8 at the Libby,

Montana, Superfund site.

2.0 RESPONSIBILITIES

Each laboratory performing analyses of soil from the Libby site for EPA shall have a Laboratory

Supervisor who is responsible for ensuring that all analyses are performed in accord with this SOP,
and for ensuring the accuracy and quality of the results.

It is the responsibility of the Laboratory Supervisor to communicate with the EPA's Laboratory

Coordinator regarding specific analysis objectives and anticipated situations that may require any
deviation from the SOP. Any sample-specific or SDG-specific deviations from the SOP shall be
recorded on deviation sheets in accord with the process described in the Contaminant Screening

Study Sampling and Analysis Plan (CDM 2002). It is also the responsibility of the Laboratory

Coordinator to recommend any suggestions for improvement in this SOP to the CDM Project

Manager and USEPA Region 8 personnel (Remedial Project Manager or Regional Chemist).

3.0 EQUIPMENT

Equipment required to perform the analyses described in this SOP includes the following:

• Negative Air Pressure, HEPA-filtered hood (used to capture airborne dust, fibers, and other
potential contaminants)

• Analytical balance - accurate to 0.0001 g, range of 0.0001 g to 100 g.

• Porcelain crucible (for sample ashing).

• Muffle furnace - used for sample ashing.

500 to 800 mL glass beaker
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Teflon-coated 2-inch magnetic stir bar - used in sample mounting process

Magnetic stirring plate - used in sample mounting used in sample mounting process

Eppendorf pipette - capable of delivering 20 uL

Eppendorf pipette tips - modified by cutting enough material off the tip to approximately
double the opening

SEM sample stubs with conductive carbon adhesive tabs

Sample coater - carbon vacuum evaporator used to apply a conductive carbon layer to the
SEM stub

Desiccator and/or glass petri dish used for temporary storage of sample-mounted stubs.

SEM fitted with EDS with the following attributes:

For SEM:
>• Resolution: 5 nm or better1

Accelerating Voltage: 10 to 25 kV or greater
Minimum magnification range: 50x to 200,000x
SEI (secondary electron image)
BEI (backscattered electron image)

For EDS:
»• Detector having the ability to resolve EDS spectral peaks for the elements of concern

in LA, including Na, K, Mg, Al, Si, Ca, Cu, and Fe. EDS detector performance and
accuracy should be assessed using the BIR-1G glass standard, as described in
Section 8.1

»• Minimum resolution of 150 eV at Manganese Ka
*• Analyzer capability of background subtraction, peak overlap correction, correction

for sum peaks and Si escape peaks.

4.0 METHOD SUMMARY

An aliquot of the soil sample is examined by SEM/EDS. In some cases, the material must be ashed
to remove excessive organic matter. After ashing (if needed), a stub is prepared by suspending the
sample in water, filtering an aliquot onto a polycarbonate filter, and mounting the filter on the stub.

1 Based on the manufacturer's specifications. The resolution should be verified using gold on
carbon at least once per year and documented as described in Section 8.
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The stub is coated with carbon and is examined by SEM at several different magnifications. At
each magnification, a number of different fields are selected either systematically or at random, and
the area coverage (all particles) and the area fraction attributable to asbestos particles in each field
are estimated or measured. These data are used to estimate the asbestos content of the soil sample.

5.0 SAMPLE STUB PREPARATION

5.1 Ashing (If necessary)

Substantial organic material in the sample can result in an outgassing of material under high
vacuum such that carbon coating of the SEM stub or analysis in the SEM may be impaired.
Therefore, if difficulty is encountered in coating the stubs or in the analysis, if the stub is otherwise
of poor quality, that sample should be ashed and then re-prepared for examination. The procedure
for sample ashing is as follows:

1. Mix the bulk sample by tipping the bag upside down, and then returning it to its original
position. Use a clean sample thief to remove a uniform aliquot of the material, pushing the
thief all the way through the sample. Place this sample into a clean glass beaker and mix
thoroughly. After mixing, transfer about 2 grams of the sample into a pre-weighed crucible,
being sure the sample does not fill more than about 1/3 of the crucible. Weigh the sample to
the nearest 0.05 grams and record the weight of the crucible alone and the crucible plus
sample hi the Lab Data Sheet for the sample (Attachment 1).

2. Place a cover on the crucible, and place the crucible into a muffle furnace.

3. Turn the furnace on and set the temperature to 480°C. [Note: if the furnace can achieve this
temperature faster than 2 hours, first turn the temperature to 250°C and hold at this

temperature for 1 hour before increasing the temperature to 480°C.]

4. Hold the sample at 480°C for at least 4 hours. Shut off the furnace and allow to cool
overnight.

5. When the sample has cooled, weigh the residue to the nearest 0.05 g and record the final
mass in the Lab Data Sheet for the sample (Attachment 1).

Note: It is understood that this ashing procedure might result in some parts of the sample reaching
temperatures that may begin to decompose chrysotile asbestos (about 500°C). However, this SOP
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is intended for the analysis of amphibole asbestos, and amphibole asbestos is not expected to begin

decomposition unless temperatures are substantially higher.

5.2 Mounting the Sample

Samples must be prepared in a clean HEPA hood. To prevent cross-contamination of samples, only

one sample should be mounted onto a SEM stub at a time. The procedure to mount the soil sample

onto the SEM stub is described in USGS (2002b), and is repeated below.

Set up a Millipore filter apparatus for use with 25 mm polycarbonate filters. Place a few drops of

distilled water on the fritted glass surface and place a 25 mm polycarbonate filter (0.4 um or less

pore size) on the water, shiny side up. Attach the top of the apparatus. Add a few milliliters of

distilled water on the filter so that no part of the filter is exposed to air. Take a clean Eppendorf

pipette tip and with a razor blade, cut enough material off the tip to increase the opening to

approximately 1 mm. Transfer approximately 0.5 g of the sample prepared for SEM/EDS analysis
to an 800 mL glass beaker containing 125 mL of distilled water and a 2-inch magnetic stirring bar,

and place on a magnetic stirring plate. Slowly increase the speed of rotation until all the particles

are suspended and a good vortex is achieved without excessive splashing. While the sample is

mixing, and the particles are suspended, collect 20 uL of the mixture using the Eppendorf pipette.

Transfer this to the polycarbonate filter by dropping the suspension from 3 to 4 cm above the water

in the Millipore apparatus. Place two more 20 uL drops of the suspension onto the polycarbonate

filter for a total of 60 uL. Allow the water to filter through the polycarbonate. If a hand-held

vacuum pump is available, it may be used to decrease the time it takes for complete filtration. Do

not use motorized pumps because sample will become too dry on the filter, increasing the

possibility of sample loss.

Use forceps to pick up the filter just as the water has passed through but before it is dry and place it

on a carbon adhesive tab on a standard SEM mount. The filter needs to be completely flat on the
SEM stub. This is achieved by forming the wet filter into a gentle U-shape. Place the bottom curve

of the filter onto the center of the carbon adhesive tab and slowly release the sides so they lay flat.

Trim the edges of the polycarbonate filter using a razor blade. After drying, coat the stub with

carbon using a carbon evaporator. The stub is then ready to be taken to the SEM in a clean, covered
container.

Repeat the process above, using drop sizes of 15 uL and 10 uL. This will yield three polycarbonate

filters with a range of particle loading. Begin by evaluating the filter loaded with 60 uL of
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suspension. The SEM sample stub should have about 15-20% total coverage. If the loading on this
filter is too high, select one of the filters with lower loading for evaluation .

6.0 ANALYSIS BY SEM

All analyses should be run at 15 kV. SEM analysis will be done at magnifications of 50x, 500x,
and 2000x.

Counting Rules

At each magnification, record the occurrence of every structure that satisfies the following counting
rules:

1. Particle diameter is within the range specified for the magnification:

50x Diameter > 20 urn
500x: Diameter = 1-20 um
2000x Diameter < 1 um

2. Aspect ratio £ 3:1

3. Aspect ratio is < 3:1, but particle is clearly fibrous

4. The EDS spectrum of the particle is characteristic of Libby amphibole asbestos, based on
the EDS criteria presented in Attachment 3.

Data Recording

All data should be recorded using the electronic laboratory data recording sheet provided in
Attachment 1.

For each field of view (FOV) observed, collect the following data:

1. The total area coverage (all particles). Record this in the Lab Data Sheet (Attachment 1).
Whenever possible, this should be done by collecting a digital backscatter image and
quantifying the particle coverage using appropriate software. When the instrument does not
support this technique, the total coverage should be estimated visually using the visual
reference aids provided in Attachment 2. The method used to estimate total coverage should
be indicated in the Lab Data Sheet.
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2. The length and thickness of all structures that satisfy the counting rules above. Record these
values in the Lab Data Sheet.

3. Record and save an EDS spectrum and prepare a photomicrograph for the first structure
recorded, and for every 10th structure thereafter. Identify these structures in the Lab Data

Sheet.

Computations

All of the computations described below are performed automatically in the Lab Data Sheet.

The area of an LA particle is computed as the product of the length and width:

Area = 1 (um) • w (um) • 1E-06 mm2/um2

The total area of LA in any FOV is simply the sum of the areas of the individual LA particles in that
FOV:

Area(total LA) = £(lijm • wijjm) • 1E-06 mmVum2

The Area Fraction (AF) of LA in each FOV "i" is calculated as:

AF(i) = Area(total LA in FOV "i") / Total area of all particles in FOV "i"

For each magnification "x", the average and standard deviation of AF across multiple FOVs are
calculated as:

mean(x) = average of all FOV(i) values for mag x
stdev(x) = Standard deviation of all FOV(i) values for max x

Assuming that the distribution of area fractions can be approximated as a normal distribution, the
average, standard deviation, and confidence limits of the total AF combined across all
magnifications are given by:

AF(total) = mean(xl) + mean (x2) + mean(x3)
Stdev(total) - [stdev(xl)2+ stdev(x2)2 + stdev(x3)2]°5

5% Lower Confidence Limit (LCL) = AF(total) - 1.645-Stdev(total)
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95% Upper Confidence Limit (UCL) = AF(total) + 1.645-Stdev(total)

Stopping Rules (see Flow Chart in Figure 1):

The stopping rules require four input items to be specified by the data user, as follows:

1. UL (Upper limit). This is a concentration above which accurate quantification by SEM is not

needed under this protocol. The choice of this value might be based on risk management strategy
(e.g., any sample with a concentration that is determined to be greater than the UL is assumed to be

unacceptable, and providing accurate quantitation above this values does not alter the risk

management decision), or on analytical strategy (e.g., samples with concentrations above the UL

will be assessed using a different analytical approach, more suited to quantification of relatively

high concentrations). For the Libby Superfund site, the default value of UL is 1%, because at levels

higher than this, an alternative method should be used for quantification. This value may be revised
on a task-by-task basis, as deemed appropriate by decision makers.

2. LL (Lower limit). This is a concentration below which accurate quantification by SEM is not
needed under this protocol. The choice of this value may be based either on risk management

strategy (e.g., any sample with a concentration that is determined to be lower than the LL is

assumed to be acceptable, and providing accurate quantitation below this above this values does not

alter the risk management decision), or on analytical strategy (e.g., samples with concentrations

lower than the LL will be assessed using a different analytical approach, more suited to

quantification of very low concentrations). For the Libby Superfund site, the default value of LL is

0.01%, because it is not anticipated that SEM can effectively quantify values below this level. This

value may be revised on a task-by-task basis, as deemed appropriate by decision makers.

3. DQO (Data Quality Objective). The ratio of the 95% UCL of the mean divided by the mean is

an index of the relative uncertainty in the estimated value. For data with high uncertainty, the value
of this ratio will be large, and as the quality of the data increase, the value of the ratio will decrease,

ultimately approaching a value of 1.0. The DQO specifies the target maximum value for this ratio,
with lower DQO values being associated with higher data confidence and lower uncertainty. In

general, the value of the ratio can be decreased to the value of the DQO for any sample simply by

counting more and more FOVs. The choice of the value for DQO is primarily a risk management

decision, since the probability of Type I and Type n decision errors both tend to decrease as data
quality increases. For the Libby Superfund site, the default value of DQO is 1.3, because this level

of accuracy will usually be sufficient to support informed decision-making. This value may be

revised on a task-by-task basis, as deemed appropriate by risk managers and decision makers.
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4. Max (Maximum number of FOVs to be evaluated at medium and high magnification). As noted

above, the analysis of any sample can be extended indefinitely by analysis of more and more FOVs,

but this results in increased analytical cost and time per sample. The choice of the value for Max is

primarily a risk management and cost-benefit decision. For the Libby Superfund site, the default

value of Max is 60 FOVs, because it is expected that the DQO can usually be achieved within this

number. This value may be revised on a project-by-project basis, as deemed appropriate by risk

managers and decision makers.

In summary, the four inputs which must be provided by the data users and decision makers are:

Code

UL

LL

DQO

Max

Description

Concentration above which reliable quantification is no longer required

Concentration below which reliable quantification is no longer required

Ratio of 95% UCL / mean

Maximum number of FOVs (excluding low mag)

Default

1.0%

0.01%

1.3

60

Once these four inputs are specified, the stopping rules are as follows:

Step 1 (Low Magnification)

1. Count the full stub at low magnification (about 12 FOV)

2. Based on the data obtained in Step 1, compute the LCL. If LCL >= UL, then STOP.
Otherwise, proceed to Step 2.

Step 2 (Medium Magnification)

1. Count 10 FOVs, selected using a systematic uniform random (SUR) approach. In this

approach, the operator randomly chooses a starting field at the upper left comer of the
sample stub, and then spaces the rest of the fields at grid points formed by evenly spaced

horizontal and vertical lines, with the distance between fields being sufficient to prevent

field overlap.

2. Based on the combined data from Step 1 and Step 2, compute the LCL. If the LCL >= UL,

then STOP. Otherwise, proceed to Step 3.
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Step 3. (High magnification)

1. Count 10 FOVs, selected using a systematic uniform random (SUR) approach. Using the

combined data from steps 1, 2 and 3, compute the LCL and UCL. If LCL >= UL, then

STOP. Else

2. If UCL <=LL, then STOP. Else

3. If UCL / Mean <= DQO, then STOP. Else proceed to Step 4.

Step 4. Additional FOVs

1 Count 10 additional FOVs. Press the macro button in the Lab Data Sheet to see the

optimum number to be counted at medium and high magnification.

2. Using the combined data from steps 1, 2, 3 and 4, compute the LCL and UCL. If LCL >=

UL, then STOP. Else

3. If UCL <=LL, then STOP. Else

4. If UCL/Mean <= DQO, the STOP. Else
5. If Total FOVs>= MAX, then STOP. Else repeat Step 4.

NOTE: All of these stopping rules are evaluated automatically as data are entered into the Lab Data

Sheet and the outcome (continue of stop) is displayed in the sheet.

7.0 ESTIMATION OF MASS PERCENT

7.1 Area Fraction Approach

The mass of amphibole asbestos in the soil sample may be approximated as the area fraction of the
sample that is occupied by amphibole asbestos structures. It is understood that mass fraction and

area fraction are not identical, but this approximation is considered to be acceptable for the
purposes of evaluating the potential utility of this method as a screening tool at the site.

7.2 Structure Count Approach

The structure count approach is based on the concept that the particle size-distribution of asbestos

in fine-ground soil is approximately constant. If so, there will be an approximately linear relation
between asbestos particle loading (average particles per field) of any specified size category and the

mass percent concentration hi the sample.
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Calibration Curve

In this approach, quantification is achieved using an empiric calibration curve. That is, each
laboratory should measure the average number of asbestos particles per field at 500x hi a series of
calibration standards of Libby Amphibole, plus a blank. The calibration curve should be composed
of at least five independent preparations (stubs) of at least 5 calibration standards (blank plus four
spiked samples) that span the range of observed field samples (e.g., 0.01% to 1%), and each
preparation should be evaluated by counting asbestos structures in at least 20 fields at 500x. The
calibration standards will be prepared and provided by USGS.

The results should be summarized in graphical format, in which the x-axis is the nominal
concentration (mass percent) in the sample, and the y-axis is the average number of particles per
field observed at 500x.

Sample Quantification

The concentration of a sample is obtained by counting the number of amphibole asbestos structures
in each of 20 fields at 500x, and using the average value (i.e., the average count across the 20 fields)
to estimate the mass percent from the empiric standard curve.

8.0 SEM/EDS INSTRUMENT CALIBRATION AND MAINTENANCE

8.1 Instrument Calibration

All instrument calibrations are performed under the same operating conditions as sample analysis.

Size (Magnification) Calibration

Calibration for size (magnification) is performed using magnification gratings (obtained from E. F.
Fullam or other appropriate vendor) in accord with the manufacturer's instrument-specific
instructions. Instrument calibration for size (magnification) must be performed at the following
minimum frequency:

• prior to initial receipt of field samples
• monthly after the first calibration
• immediately after any maintenance activities are performed
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EDS Calibration

The energy dispersive x-ray will be standardized at the beginning of each day, or at any time the
instrument operating conditions change significantly. The US Geological Survey has provided a
BIR-1G basalt glass as a reference material for this procedure. This material is provided to assist in
evaluation of performance and inter-laboratory comparisons of energy dispersive x-ray analysis
data obtained on a scanning electron microscope. The EDS standardization is essential for ensuring
the instrument and software capability of distinguishing mineral species that have similar
compositions and may have a fibrous or similar habit (for example, distinguish amphibole from
pyroxene or biotite). The EDS spectrum of the BIR1-G sample should be provided as part of the
standard data package for each set of analytical results.

The basalt glass is mounted in epoxy in a 1/4 inch polished mount that has been carbon coated in a
high vacuum carbon evaporator. Detailed instructions for the analysis of this sample are provided
in Attachment 4. In brief, always handle this sample with gloves in a dust free environment. Do
not re-polish, re-coat, or touch the surface of this reference material mount, as this could result in
damage to the material or a change in its composition. The following practices and analytical
conditions must be used when analyzing this sample:

1) The diameter of the primary electron beam should be less than 50 um and greater than or
equal to 20 um, or an equivalent raster size should be used. (Note: some raster patterns have
prolonged dwell at the comers and/or the sides)

2) Primary beam current should not exceed 10 nA.
3) Avoid repeated analysis of the same spot on the sample.
4) Do not leave the beam on the sample for prolonged periods.
5) Do not examine the sample at a high magnification that would result in a beam exposure

greater than or equivalent to that specified in item 1.

6) Do not expose the epoxy to the electron beam except at very low magnification and for very
brief time periods.

7) Be sure that good electrical contact is made between the sides of the brass tube and the SEM
stage during analysis.

8) Always store in a dry, dust-free environment.

Evaluate the analysis by comparing the values obtained with the recommended values for BIR-1G
glass. Records will be kept each day of values obtained for the standard to determine the percent
variation of accuracy and precision of the instrument. Acceptance criteria will be provided in an
update to this SOP after results from several laboratories are available.
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In the event that EDS calibration standard results do not meet the acceptance criteria provided
above, analysis can not proceed or, if in progress, should cease until the problem is corrected. All
EDS calibration data should be documented in the instrument logbook and should be traceable to
each sample delivery group (SDG) associated with the calibration. A SDG is defined as a single set
of samples submitted to the laboratory in one day or every 20 samples, whichever is more frequent.

8.2 Instrument Maintenance

Periodic instrument maintenance should be performed as necessary in accord with manufacturer's
recommendations. All maintenance activities must be recorded in an instrument logbook dedicated
to that particular instrument. As indicated above, if instrument maintenance is performed, the
instrument should be re-calibrated and the calibration verified as described in Section 8.1.

9.0 LABORATORY QUALITY ASSURANCE/QUALITY CONTROL

Laboratory Quality Assurance/Quality Control activities are actions taken by the laboratory to
obtain data that indicate if analyses are occurring within specified acceptable ranges of accuracy
and precision. Any time that performance deviates from acceptable ranges, all analyses must be
stopped until the source of the deviation is identified and remedied.

Accreditation and Training

All commercial laboratories involved in the analysis of site samples must be accredited by the
National Voluntary Accreditation program (NVLAP), and all analysts must be properly trained by
education or experience in identification and quantification of asbestos structures by SEM/EDS. In
this regard, USEPA provides project-specific training and instruction to laboratories as described in
the CSS SAP (USEPA 2002). The USGS has extensive experience in SEM analysis and has

participated in the development of this SOP and is qualified to participate in the analysis of site
samples.

Laboratory Blanks

Each laboratory shall prepare at least one laboratory blank SEM stub each day that samples are
prepared for SEM analysis. This blank stub will be prepared exactly the same as all field sample
stubs, except that no soil will be added to the water before application to the stub. This blank is
intended to evaluate the general cleanliness of the sample preparation area and the potential for stub
contamination during sample handing and preparation. If fibers are found on the laboratory blanks,
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the laboratory should stop analysis immediately and discuss with EPA how to proceed. As a matter
of organization, therefore, it is recommended that the laboratory blanks be analyzed prior any field

sample stubs.

10.0 DECONTAMINATION

Decontamination (decon) procedures will be performed using standard laboratory decontamination
procedures.

11.0 DOCUMENTATION

Instrument Logbook

An individual instrument logbook (hard copy and/or electronic) should be kept for each piece of
equipment in use at the laboratory. All initial calibration, daily calibration results, and instrument
maintenance activities must be recorded in the appropriate logbook. Copies (hard copy or
electronic) of instrument logbooks should be provided along with all analytical reports.

Photomicrographs and EDS Spectra

Each EDS spectrum and each photomicrograph collected in accord with the SOP must be identified
by the unique laboratory identification number and analysis date. Any opportunistic photographs
taken are also numbered, but must accompany a brief explanation of the reason for taking the
picture.

Electronic Data

Each day of data acquisition, all electronic files will be saved onto two separate media or devices.
For example, the data may be saved onto a computer hard drive, but must also be backed up onto a
type of portable media such as CD-ROM, floppy disc, or tape. Portable media will be maintained in
a single location with limited access.

Hardcopy Data

All data sheets or logbooks, photographs, and spectrographs must be stored in a secured location
with limited access (e.g., locking file cabinet) when not in use.
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Copies (hardcopy and electronic) of the raw analytical data will be submitted to the oversight

agency for archival.
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FIGURE 1. STOPPING RULES FLOW CHART
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ATTACHMENT 1

SEM LAB DATA SHEET

See electronic Excel file

"SEM Lab Data Sheet v4.xls"

(Check with Volpe or SRC to determine the most recent version number)
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ATTACHMENT 2

VISUAL AID FOR ESTIMATING
TOTAL COVERAGE IN A FIELD OF VIEW

Source: Dutro Jr., J. T., Dietrich, R. V., Foose, R. M. 1989. AGI Data Sheets for
Geology hi the Field, Laboratory, and Office, Third Edition. American Geological
Institute.
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ATTACHMENT 3

GUIDANCE FOR IDENTIFYING LIBBY AMPHIBOLE
USING EDS
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Fibrous materials can not be reliably identified as amphibole by morphology alone. Other
materials, such as calcite, pyroxene, or biotite, can also have cleavage that produces long thin
particles or scrolls. Libby, Montana soils contain many of these minerals. To accurately identify
amphibole fibers by SEM analysis, EDS spectra must be obtained to verify that mineral
composition is consistent with an amphibole.

Two EDS spectra of amphiboles are illustrated in Figure 1a. The first is an example of an
amphibole from Libby Montana. The second is an International Union Against Cancer (UICC)
standard tremolite. Libby amphiboles contain the elements Na, Mg, Al, Si, K, Ca, Ti, Mn, and Fe
in varying amounts, but similar to those shown in Figure 1a. F and Cl also occur, but usually not
in quantities great enough to show on EDS spectra. Some diagnostic spectra of other minerals
are presented for comparison.

Biotites contain many of the same elements as Libby amphiboles. The Al and Mg content is used
to distinguish biotite from amphibole. Biotites contain much more aluminum than Libby
amphiboles. EDS spectra of Libby micas are provided in Figure 1b for comparison.

Pyroxene and Libby amphibole can be difficult to tell apart, but usually can be distinguished by
the absence of K and higher Al in pyroxene. An EDS spectrum for a typical pyroxene is given in
Figure 1c.

The best way to determine if the chemical composition is consistent with an amphibole is to
perform a "quantitative" analysis.1 In most cases a "standardless" analysis will provide sufficient
accuracy to give confidence that the material is compatible with an amphibole. For this analysis,
oxygen should be determined by stoichiometry and cation ratios for Na, Mg, Al, Si, K, Ca, Ti, Mn,
and Fe should be calculated based on 23 oxygens. The cation total should equal between 15
and 16. Examples of EDS analyses for Libby Amphibole weight percentages and cations are
given in Table 1.

Table 1. EDS Analysis of Libby Amphibole Fibers.
Weight Percent

1
2
3

Na2O
4.7
5.5
1.6

MgO
21
21
23

AI2O3
0.43

0
0.14

SiO2
57
60
59

K20
1.3
2.1
0.37

CaO
7.5
4.4
12

TiO2
0.33

0
0.12

MnO
0.17
0.03
0.01

Fe2O3
7.7
8.0
3.1

Cation Totals

1
2
3

Na

1.22
1.44
0.42

all Fe is Fe3+)
Mg

4.27
4.11
4.64

Al

0.07
0.00
0.02

Si

7.77
8.07
7.90

K

0.22
0.35
0.06

Ca

1.09
0.63
1.78

Ti

0.03
0.00
0.01

Mn

0.02
0.00
0.00

Fe3

0.81
0.84
0.32

Total

15.50
15.43
15.16

1
2
3

T Site Total
7.87
8.00
7.93

C Site Total
5.00
5.02
4.96

B Site Total
2.00
2.00
2.00

A Site Total
0.63
0.42
0.26

Cation Total
15.50
15.43
15.16

T site-Si = 8 C site-AI + Fe + Mg + Ti + Mn = 5 A+B sites-Ca + Na + K>= 2

1. Quantitative analysis requires matrix corrections to correct for atomic number, absorption, and fluorescence effects.
Matrix correction routines (e.g. ZAP or Phi Rho Z) assume that the sample Is homogeneous In the volume analyzed, and
has a flat polished surface. If these conditions are not met the results can have errors that are larger than what Is
normally expected. The magnitude of this error will depend on the size, shape and composition of the sample or particle
and also on the analytical conditions, particularly accelerating voltage (Small and Armstrong, 2000). Our experience with
the analysis of single structures of Libby amphibole using the analytical conditions specified In this procedure is that the
errors for all elements are typically within +/-10 % relative concentration of the expected value, and often much better.



Figure 1a. EDS Spectra of Libby Amphibole
and Tremolite.

Biotite

Hydrobiotite|

Vernniculite

Figure 1b. EDS Spectra of micas found in
Libby Samples.

Figure 1c. EDS Spectrum of Pyroxene.

Reference
Small, J.A. and Armstrong, J.T., 2000, Improving the Analytical Accuracy in the Analysis of
Particles by Employing Low Voltage Analysis. Microscopy and Mlcroanalysis, vol. 6, supplement
2. Proceedings 2000, p.924-925.
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ATTACHMENT 4

PROCEDURE FOR EVALUATION OF EDS
USING GLASS STANDARD BIR1-G

Instructions for Analysis ofBIRl-G Basalt Glass Reference Material

\. Follow all instructions on the handling and analysis sheet supplied with the reference
material. A copy is included below.

2. Calibrate EDS system as per manufactures instructions at the proper working distance. The
sample should be mounted with the surface normal to the beam unless your instrument is
specifically designed otherwise. Locate basalt grains in epoxy at low magnification with the
backscatter detector. Care should be taken to avoid using high current density on areas of
epoxy to prevent contamination of the reference material.

3. Analyze the sample using a beam diameter (or equivalent raster) between 20 and 40 um. Do
not use a beam size smaller than 20 um as this can damage the reference material.

4. Analyze the sample at 15 kV, approximately 20-40 % dead time, < 5 nA primary beam
current.

5. Allow the spectrum to accumulate for at least 2 minutes (real time) or until the integrated Si
peak contains approximately 50,000 counts (or about 16, 000 cts. peak height).

6. Perform a "quantitative" analysis of the spectrum using ZAP or Phi Rho Z, without
standards, using the same software that you would use for Libby amphibole particles.
Analyze for Na, Mg, Al, Si, K, Ca, Ti, Mn, Cr, and Fe (not all elements may be detectable).
The analysis should include background subtraction, peak overlap correction, correction for
sum peaks and Si escape peaks, and be normalized to 100 %.

7. Report results as weight percent oxide for NajO, MgO, A12O3, SiO2, K2O, CaO, TiO2, MnO,
Cr2O3, Fe2O3 with oxygen calculated by stoichiometry. Report cation ratios based on 23
oxygen ions.

8. Please provide all spectra and numerical results including cation ratios.
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NOTE: This SOP was designed for use on Libby Project Soils. For any other use the SOP
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Revision
Number

6

7

8

Revision
Date

3/24/03

8/5/03

5/4/04

Reason for Revision

Incorporate modifications to the logsheets to conform with electronic
data storage requirements and add grinder blank requirements.

Incorporate modifications to drying and sample storage procedures

Incorporate modifications to drying batch size and recording of
preparation information

(a) This SOP was originally prepared by ISSI Consulting Group. ISSI is no longer in existence,
and finalization of the SOP was performed by Syracuse Research Corporation (SRC).
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TECHNICAL STANDARD OPERATING PROCEDURE
ISSI-LIBBY-01, Revision 8: SOIL SAMPLE PREPARATION

NOTE: This SOP was designed for use on Libby Project Soils. For any other use the SOP
needs to be re-evaluated based on specific project objectives

1.0 PURPOSE

The purpose of this Standard Operating Procedure (SOP) is to provide a standardized method for
preparation of soil samples for asbestos analysis. This procedure will be used by employees of
United States Environmental Protection Agency (USEPA) Region 8 and by
contractors/subcontractors supporting USEPA Region 8 projects and tasks for the Remedial
Investigation work performed at the Libby, Montana site. Site-specific deviations from the
procedures outlined in this document must be reviewed and approved within a Request for
Modification by the Volpe Center Technical Lead or Libby Project Manager and the USEPA
Region 8 Remedial Project Manager or Regional Chemist.

The contents of this SOP have been specifically designed for the Libby Asbestos site. For
example, the particle size of 250 urn was selected in an attempt to balance two opposing goals:
1) grinding the sample to a small enough particle size to obtain homogeneous soil samples; and
2) keep the particle size distribution of sufficient size to accommodate analyses by several
methods including polarized light microscopy-visual area estimation (PLM-VE), scanning
electron microscopy (SEM) and transmission electron microscopy (TEM). It is possible that for
methods such as the TEM, further preparation at the laboratory may be necessary. If so, these
additional steps will be addressed at the level of the TEM SOP.

Procedures outlined in this SOP have been designed with the intent to prepare soil samples
having a target concentration greater or equal to approximately 0.1-0.2% (weight percent) total
Libby amphibole (LA) material.

2.0 RESPONSIBILITIES

The Preparation Laboratory Project Leader (PL2) may be an USEPA employee or contractor who
is responsible for overseeing the soil sample preparation activities. The PL2 is also responsible
for checking all work performed and verifying that the work satisfies the specific tasks outlined
by this SOP and the Close Support Facility Soil Preparation Plan, Libby Asbestos Site, Operable
Unit 4, Libby, Montana (CSF SPP). It is the responsibility of the PL2 to communicate with the
Preparation Laboratory personnel regarding specific collection objectives and anticipated
situations that require any deviation from the respective Project Plans. It is also the
I:\Temp\LibbySoilSOP.wpd
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responsibility of the PL2 to communicate and document the need for any deviations from the
Project Plans with the appropriate USEPA Region 8 Remedial Project Manager or Regional
Chemist.

Personnel preparing Libby soil samples are responsible for adhering to the applicable tasks
outlined in this procedure and conducting all sample handling and preparation activities in the
ventilation hood.

3.0 EQUIPMENT

• General purpose laboratory oven - must be capable of maintaining a constant temperature
of approximately 89-91°C.

• Analytical balance - calibrated and accurate to tolerance limits indicated on Attachment
2, range of 0.1 g to at least 2000 g

Riffle splitter - with 3/4 inch chutes to split samples

• Plate Grinder - capable of accepting soil particles of approximately 1/4 inch diameter and
grinding to produce particle of approximately 250 jim

• Metal (other than plastic) scoop or spoon - for transferring samples

• 1/4 inch metal (other than plastic1) sieve and catch pan - for coarse sieving samples

• 60 mesh (250 unV) and 200 mesh (74 \im) metal (other than plastic) sieves - for
verification of the plate grinder settings

• Clean quartz sand - required for preparation of grinding and drying blank samples
(Sections 6.2, 9.2,12.1 and 12.3) and for decontamination of grinder (Section 9.4)

Clean soil - sufficient aliquot required for calibration of grinder (Section 9.1)

• Drying Pans - pans used during the sample drying process
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TECHNICAL STANDARD OPERATING PROCEDURE
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Sample containers - plastic ziplock bags (pint and gallon size)

Gloves - for personal protection and to prevent cross-contamination of samples. May be
plastic or latex. Disposable, powderless

Field clothing and Personal Protective Equipment - as specified in the Health and Safety
Plan (Appendix E of the CSF SPP, December 2003)

Field notebook -used to record progress, any problems or observations and deviations

Sample Drying Log Sheets - (Attachment 1) - used to record all sample drying
information

Sample Preparation Log Sheets (Attachment 1)- used to record all sample preparation
information (splitting, sieving and grinding)

Three-ring binder books - binders will contain:

Analytical Balance Calibration and Maintenance Log (Attachment 2)
Grinder Calibration and Maintenance Log (Attachment 3)
Ventilation Hood Calibration and Maintenance Log (Attachment 4)
Vacuum Maintenance Log (Attachment 5)
Oven Temperature Calibration and Maintenance Log (Attachment 6)
Sample labels

Trash Bags - used to dispose of gloves, wipes and other investigation derived waste

Indelible Marking Pen - used to record sample information onto plastic ziplock bags
and to record logbook information
Ballpoint Pen - used to record field logsheet information

I
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NOTE: This SOP was designed for use on Libby Project Soils. For any other use the SOP
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4.0 METHOD SUMMARY

Figure 1 provides an overview of the steps in this procedure. Soil samples are dried in a
standard laboratory oven and split into a preparation sample and an archive sample. The
preparation sample is sieved to separate coarse material (> 1/4 inch) from fine material (< 1/4
inch). The fine material is ground to a standard particle size of about 250 jam for subsequent
asbestos analysis. The coarse material is examined by stereomicroscopy to determine if any
large particles of asbestos are present (EPA SOP SRC-LIBBY-01).

5.0 SOIL STORAGE

Upon receipt of samples, samples will be grouped in an inventory batch of approximately 120
samples. Samples will be archived according to the inventory batch they are assigned to and
filed by the inventory ID noted on the Sample Drying Log Sheet and Sample Preparation Log
Sheet (Attachment 1). This box number will be automatically assigned by the electronic Libby
Asbestos Sample Tracking Information System (eLASTIC) when the inventory batch is created
in the database.

6.0 BULK SOUL DRYING

Prior to drying, samples will be grouped in a drying batch and assigned a drying batch number.
The following sections detail all activities and procedures related to drying samples.

6.1 Calibration

Samples will be weighed prior to and following drying activities. The analytical balance used
for drying activities will be calibrated on days when samples are loaded into, or unloaded from,
the oven. Before weighing samples, calibrate the balance using S-l class weights and record all
measurements, any required maintenance, and the balance number on the Analytical Balance
Calibration and Maintenance Log (Attachment 2).

All drying activities will be performed under a negative pressure HEPA filtered hood. Prior to
loading the oven, the ventilation hood will be calibrated to ensure that the ventilation system is
operating properly. Ventilation hood calibration and any required maintenance will be

] :\Temp\LibbySoilSOP. wpd
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documented on the Ventilation Hood Calibration and Maintenance Log (Attachment 4).

A HEPA vacuum will be used to decontaminate the oven following the removal of dried
samples. Vacuum calibration will be performed daily, prior to drying activities. All system
checks, required maintenance and the vacuum number will be recorded on the Vacuum
Maintenance Log (Attachment 5).

Oven temperature calibration will be performed on a weekly basis. Oven temperature calibration
and any required maintenance will be documented on the Oven Temperature Calibration and
Maintenance Log (Attachment 6).

6.2 Drying Blanks

A drying blank will be created and associated with each drying batch prior to loading samples
into the oven. A drying batch will consist of approximately 15 samples. The drying blank will
consist of approximately 100-200 grams of clean quartz sand, placed in a drying pan and
assigned an index ID (see Section 6.1). Each drying blank will be identified in the notes section
of the Sample Drying Log Sheet (Attachment 1) and will be prepared using the same
methodology as other soil samples. Following preparation, whenever possible, each blank will
be shipped with its associated batch samples. See Section 12.1 for more details regarding drying
blanks.

6.3 Drying Procedure

Samples will be loaded into the drying oven using the following steps:

• Record the SOP and Revision Number used to prepare the samples on the Sample Drying
Log Sheet (Attachment 1). Record the oven number used to dry the samples on the
Sample Drying Log Sheet (Attachment 1).

• Prior to unsealing and drying each sample, record the sample mass to the nearest 0.1 g on
the Sample Drying Log Sheet (Attachment 1), the technicians initials and the date. See
Section 6.1 for calibration details.
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• Set the oven temperature to 90 ± 1°C. For every sample drying batch, check the oven
temperature to verify that proper temperature has been reached and document the start
date/time and temperature on the Sample Drying Log Sheet (Attachment 1).

• Transfer each sample to be dried from its zip top storage bag into a clean drying pan.
Each sample should be transferred to its respective drying pan under the negative
pressure HEPA filtered hood. Label each drying pan with its respective Index ID. Place
each sample in the oven.

• Leave the samples in the oven for approximately 24-48 hours or until completely dry.
Verify that each sample is dry, by squeezing a portion of the soil with a freshly gloved
thumb and forefinger to test the cohesiveness. Once it is confirmed that samples are dry,
record the technician's initials, and the date and time of completion, on the Sample
Drying Log Sheet (Attachment 1).

• Turn off the oven and allow the samples to cool in the oven. Once the samples are
cooled, unload each sample and transfer each sample volume to a clean zip top bag, re-
bag the sample with another clean zip top bag and identify the dried sample with the
index ID. All samples should be transferred to zip top bags under the negative pressure
HEPA filtered hood to prevent potential exposure to fibers that might be released from
the sample.

• Record the sample mass of each bagged sample to the nearest 0.1 g on the Sample Drying
Log Sheet (Attachment 1), the technician's initials and the date.

6.4 Decontamination

Decontaminate the inside of the hood and the inside of the oven by HEPA vacuuming and wet
wiping all surfaces before loading a new batch for drying.

Decontaminate all sample drying pans under the ventilation hood using compressed air or a
HEPA vacuum to remove any residual organic material left on the pans. Wet wipe or brush off
any visible material that is not removed from the air blast or vacuum. All pans will be
decontaminated between samples.
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7.0 DIVISION OF ARCHIVE AND PREPARATION SAMPLES

Prior to sieving and grinding, samples will be divided into a portion for archive and a portion for
preparation. The sections below describe the sample splitting procedure.

7.1 Calibration

Prior to any splitting, sieving, or grinding activities, calibrate the ventilation hood to ensure that
the ventilation system is operating properly. Document ventilation hood calibration and any
required maintenance on the Ventilation Hood Calibration and Maintenance Log (Attachment 4).

7.2 Procedure for Sample Division

Samples will be divided using the following steps:

• Place the cooled, re-bagged samples in the hood, and knead the contents of the bag to
break up any soil clumps.

• Splitting must be performed in the hood to prevent potential exposure to fibers that might
be released from the sample. Place one pan on each side of the riffle splitter. Divide the
sample into two equal sub-parts by removing the sample from its original plastic bag and
loading the dry material into the splitter.

• After splitting, set aside one part for sample preparation as described below (if the
volume of the portion left for preparation is still too large for processing, split the sample
again so that 3/4 of the original sample will be archived and 1/4 will be set aside for
processing).

• Place the remaining split portion into a clean, zip top bag, re-bag the sample in another
clean zip top bag, and store as an archive sample in the event additional analyses are
required in the future. Identify the archive sample with the index ID and the suffix "A"
(for archive fraction). Record the technician's initials and date on the Sample Preparation
Log Sheet. Store the archive portion in the numbered inventory box noted on the Sample
Preparation Log Sheet (Attachment 1).
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7.3 Duplicate Samples

One preparation duplicate sample will be processed for every 20 field samples prepared. A
preparation duplicate is a sample split of material that is prepared in the same fashion as the
parent sample (preparation split) and will be submitted to the laboratory blind. The preparation
duplicate will be assigned a unique and random index identification number. For both samples,
the corresponding index ID will be indicated in the notes section of the Sample Preparation Log
Sheet (Attachment 1). If a preparation duplicate is not being prepared for a particular sample,
proceed to Section 7.4.

Following the division of a sample for preparation and archive. Divide the designated sample
into two equal sub-parts using a riffle splitter (as described in section 7.2). Retain one portion as
the parent sample and assign the other portion the duplicate index ID. Record the technician's
initials, and the date of creation on the Sample Preparation Log Sheet (Attachment 1), when the
duplicate sample is prepared. Prepare each portion according to the processes outlined below.
For further information on preparation duplicates, refer to Section 12.2.

7.4 Decontamination

The splitter will not be decontaminated following this step provided the fine ground sample will
be split again into four fractions in Section 10.0. If for any reason the same sample is not
immediately split further, the riffle splitter must be decontaminated as follows.

Use a HEPA vacuum and compressed air to decontaminate the splitter and brush or wipe off any
visible material that is not removed by the air blast. The splitter is now ready to process the next
sample.

8.0 PREPARATION SAMPLE SIEVING

All samples will be sieved prior to grinding to separate out the coarse and fine fractions. The
sample sieving procedure is described in the sections below.
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NOTE: This SOP was designed for use on Libby Project Soils. For any other use the SOP
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8.1 Calibration

All sieving activities will take place in the hood. Refer to Section 6.1 for details regarding the
frequency of ventilation hood calibration.

Samples will be weighed during sieving activities. The analytical balance will be calibrated
daily with S-l class weights before processing begins. All measurements, any required
maintenance, and the analytical balance number will be recorded on the Analytical Balance
Calibration and Maintenance Log (Attachment 2).

8.2 Sample Sieving Procedure

Conceptually, sample sieving may generate a coarse and a fine fraction sample. Samples will be
sieved using the procedure outlined below.

Coarse Fraction

A 1/4 inch stainless steel screen with catch pan will be used to divide the fine and coarse
fractions using the following procedure:

• Pour the sample through the 1/4 inch stainless steel sieve and give the screen a shake to
ensure all particles < 1/4 inch in size are allowed to pass through the screen. In addition,
a pestle may be used to break up any remaining soil clumps to ensure all particles <l/4 in
size pass through the screen.

• Pour all material which does not pass through the screen (> 1/4 inch) into a new, tared,
sample bag and identify the coarse sample with the index ID and the suffix "C" (for
"coarse fraction").

• Record the mass of the coarse fraction to the nearest 0.1 g on the Sample Preparation Log
Sheet (Attachment 1) and record the technician's initials and the date.

• Double-bag the coarse sample portion and identify the sample with the index ID and "C"
suffix on the sample bag. Coarse fraction samples are now ready to be packaged for
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shipment to the analytical laboratory or archived as directed.

Fine Fraction

Tare an empty sieve pan, to account for the weight of the pan containing the fine sample, and
weigh the fine material that passed through the sieve. Record the mass of the fine fraction to the
nearest 0.1 g on the Sample Preparation Log Sheet (Attachment 1). If all of the material passes
through the screen, such that there is no coarse fraction, record a mass of zero for the coarse
fraction on the Sample Preparation Log Sheet.

Whenever possible, immediately process the fine material that passes through the screen in
accord with the approach described in Section 9.3 (below). If processing cannot occur
immediately, pour the fine material which passed through the sieve into a new plastic ziplock
bag and identify the fine sample material with the index ID and the suffix "F" (for "fine
fraction"). Double-bag the sample and identify the sample with the index ID and suffix on the
outside of the bag.

8.3 Decontamination

Decontaminate all sieves, pans and the pestle under the ventilation hood using compressed air.
Wipe or brush off any visible material that is not removed from the air blast. A HEPA vacuum
may also be used to remove any residual organic material left on the sieve pans. All pans and
sieves will be decontaminated between samples.

9.0 FINE SAMPLE GRINDING

The fine sieved sample will be ground to produce a material of about 250 p.m. The final sample
will be packaged and shipped to the laboratory for asbestos analysis. The procedure for grinding
the fine sieved sample is outlined below.

9.1 Calibration

All grinding activities will take place in the hood. Refer to Section 7.1 for details regarding the
frequency of ventilation hood calibration.
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A HEPA vacuum will be used to decontaminate the hood and processing equipment, following
the preparation of each sample. Vacuum calibration will be performed daily, prior to grinding
activities. All system checks, required maintenance and the vacuum number will be recorded on
the Vacuum Maintenance Log (Attachment 5).

A standard BICO vertical plate grinder will be used to process samples. The grinder will be
calibrated daily or after any adjustments are made to the plates. To verify proper particle size
(approximately 250 um), and demonstrate that samples will not be over-processed, grind a
sample of clean soil (rather than quartz sand) and sieve using stacked sieves. Clean soil will be
provided by the United States Geological Survey (USGS). Unlike the coarseness of quartz sand,
soil will more accurately approximate the typical grain size and texture of the Libby samples
being processed and will reduce the chance of over-processing. Note that the particle size is cited
as "approximately 250 um". This is due to the nature of grinding asbestos material. Some
material that is longer than 250 um may pass through the grinder if its longest side is parallel
with the vertical grinder plates. The material that comes in contact more nearly perpendicular to
the vertical grinder plates will be ground to <250 um

The grinder is adjusted acceptably if all material passes through a 60-mesh (250 um) screen and
is substantially retained by a 200-mesh (74 um) sieve. If the appropriate amount of material
does not pass through the stacked sieves, adjust the plates of the vertical grinder until all material
processed passes through the aforementioned sieve sizes. Document the grinder number,
verification of acceptable adjustment and any observations in the Grinder Calibration and
Maintenance Log (Attachment 3).

Following the calibration activities, the stacked sieves will be decontaminated using a HEPA
vacuum, compressed air and an aliquot of approximately 20 g of quartz sand will be passed
through the grinder before the next sample is processed.

Samples will be weighed following grinding activities. The analytical balance will be calibrated
daily with S-l class weights before processing begins. All measurements, any required
maintenance, and the analytical balance number will be recorded on the Analytical Balance
Calibration and Maintenance Log (Attachment 2).
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9.2 Grinding Blanks

A grinding blank will be prepared daily, per grinder used, and will be associated with all samples
prepared per day, per grinder. The grinding blank will consist of approximately 100-200 grams
of clean quartz sand, and will be processed on days that field samples are ground. Each grinding
blank will be identified in the notes section of the Sample Preparation Log Sheet (Attachment 1)
and will be processed according to the direction of Section 9.3. Grinding blanks will be included
with daily shipments to the laboratory. For further information on grinding blanks refer to
Section 12.3.

9.3 Grinding of Fine Field Samples

The sample portion that was sieved to < 1/4 inch will be ground to a particle size of
approximately 250 \im. Set up a catch pan under the grinder to collect all the ground material.
Take the fine sample set aside in Section 8.2, load the grinder hopper, and allow the fine sample
to pass through the plate grinder into the catch pan. Note the technician's initials, date of
grinding, and grinder number on the Sample Preparation Log Sheet (Attachment 1).

9.4 Decontamination

When grinding is complete, do not move the plates for decontamination (this would require re-
calibration). Decontaminate the hopper and catch pan by using a HEPA vacuum, followed by a
blast of high pressure air. Set the catch pan aside and clean the grinder with several blasts of
compressed air. Pay special attention to areas where dust from the grinding process is known to
accumulate (e.g., between the plates and areas adjacent to the catch pan clamps). Reattach the
catch pan to the grinder. Pass an aliquot of approximately 20 g of quartz sand through the
grinder to clean out any residual soil. Discard the quartz sand and re-clean the grinder with the
vacuum and another round of high pressure air blasts. After this decontamination procedure, the
grinder is ready to process the next sample.

10.0 SPLITTING OF THE FINE GROUND SAMPLE
The fine ground soil sample should be distributed into four approximately equal subsamples
using a splitter. All splitting activities will be performed in the hood. Refer to Section 7.1 for
details regarding the frequency of ventilation hood calibration.
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10.1 Splitting Procedure for Fine Ground Sample

The following method for splitting a soil sample was adapted from EPA 540-R-97-028 (USEPA,
1997):

• Set up one receiving pan on each side of the splitter. Load the soil from the grinder catch
pan (Section 9.3) into the splitter, collecting the sample in two receiving pans.

• Tap the catch pan vigorously several times to free any remaining material. Tap the
splitter to facilitate the flow of all material through the chutes into the receiving pans.

• Empty each receiving pan into the grinder catch pan and sieve catch pan, respectively.
Set the sieve pan aside; this portion of fine ground sample will be split again later.

• Replace the receiving pans under the splitter. Take the grinder catch pan, containing half
of the fine ground sample and re-load the contents into the splitter as detailed above.
Repeat the process of dispersing the sample material by shaking the catch pan and
tapping the splitter to uniformly distribute the sample. The resulting splits are the "FG1"
and "FG2" portions on the Sample Preparation Log Sheet (Attachment 1).

• Take these two portions and carefully transfer each into a clean, tared, zip top sample
bag. Re-bag one sample portion in another clean zip top sample bag and identify this fine
ground sample with the index ID, the suffix "FG" (for "fine fraction, ground") and the
fraction number 1, (ex. CS-12345-FG1 for fine ground fraction #1). Identify the bagged
second portion with the Index ID, the suffix "FG" and the fraction number 2 and set aside
to be re-bagged with the following fine ground portions:

• Place the two empty receiving pans from the "FG1" and "FG2" portion next to the
splitter. Repeat the splitting procedure using the other fine ground portion set aside in the
sieve pan and split the remaining sample material to create the "FG3" and "FG4"
portions.
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• Take the remaining "FG3" and "FG4" portions and carefully transfer each into a clean,
tared, ziplock sample bag, identify each remaining fine ground sample with the index ID
as noted above.

• Weigh each sample portion (FG1 through FG4), and record each mass along with the
technician's initials and date on the Sample Preparation Log Sheet (Attachment 1).

• Combine all bagged portions (archive, coarse and fine) into one large clean, zip top
sample bag.

Fine ground samples are now ready to be packaged for shipment to the analytical laboratory or
archived as directed. When samples are requested for shipment, the "FG1" fraction will be sent
first. If further analyses are required for the fine ground portion, the subsequent fractions will be
double bagged and sent (i.e., FG-2 then FG-3, etc.). All archived fine ground portions will be
filed in the appropriate inventory archive box noted on the Sample Preparation Log Sheet
(Attachment 1).

10.2 Decontamination

Use the vacuum and compressed air to decontaminate the splitter and brush or wipe off any
visible material that is not removed by the vacuum or air blast. The splitter is now ready to
process the next sample.

11.0 DOCUMENTATION

Index ID numbers are recorded on the Sample Drying Sheet, Sample Preparation Log Sheet
(Attachment 1) and on all sample containers. Sample Drying Sheets and Sample Preparation
Log Sheets will be filed under their associated dry batch and preparation batch number. If
revisions to the Sample Drying Sheet and/or Sample Preparation Log Sheet are necessary, the
appropriate parties will be notified of the changes, however, these changes will not necessitate
revision to the current standard operating procedure, a modification form will be filled out to
document the revisions.
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As mentioned above, the following equipment calibration and maintenance logs will also be
maintained:

• daily analytical balance calibration using S-l class weights (Attachment 2)
• daily grinder setting verification for calibration check and/or post-adjustment

verification, grinder maintenance as necessary (Attachment 3)
• daily ventilation hood operating condition verification (i.e., inline filter checks, changes)

(Attachment 4)
• HEPA vacuum maintenance and bag changes (Attachment 5)
• weekly oven temperature calibration, oven maintenance as necessary (Attachment 6)

In addition, a field notebook will be maintained by each individual or team that is preparing
samples. For each day that samples are processed, the following information should be
collected:

date
time
personnel
PPE
Governing Plan (CSF SPP, February 2004) and TSOP including revision number
descriptions of any deviations to the SOP, the reason for the deviation and/or any
modification forms being followed

• summary of laboratory activities (including number of samples prepared, and equipment
calibrated and used)

12.0 QUALITY ASSURANCE

All quality control sample results will be monitored for potential contamination. If samples
results indicate cross-contamination, the PL2 will be notified. The PL2 will then identify the
affected samples and notify the appropriate parties of these samples. Laboratory procedures will
also be re-assessed and appropriate changes will be made and documented accordingly by the
PL2.
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12.1 Drying Blanks

At least one drying blank will be processed with each batch (per oven) of approximately 15 field
samples (Section 6.2). Results from each drying blank will determine if cross-contamination
occurred during the drying process. The drying blank, consisting of clean quartz sand, will be
assigned a random and unique index identification number and will be submitted to the
laboratory blind. Detection of asbestos fibers in any drying blank (at the practical quantitation
limit of about 0.1-0.2% LA) should be taken as a sign of potential cross-contamination, and steps
should be taken to identify and address the source of the cross contamination.

12.2 Preparation Duplicates

One preparation duplicate sample (Section 7.3) will be processed for every 20 field samples
prepared. Results from duplicate samples serve to evaluate the precision of the sample
preparation process and of the laboratory analysis. A preparation duplicate is prepared by using a
riffle splitter to divide the sample into two approximately equal portions, creating a parent and
duplicate sample. Both samples are prepared in the same fashion. The preparation duplicate is
assigned a unique and random index identification number, and is submitted to the laboratory
blind. Inconsistent sample results should be taken as an indication of variability in sample
preparation, and steps should be taken to identify and address the source of the variability in
sample preparation.

12.3 Grinding Blanks

One grinding blank (Section 9.2), consisting of clean quartz sand, will be processed once per
day, per grinder, on days that field samples are ground. Each grinder used in the lab will be
assigned a number and all samples processed will be associated with the grinder used for
preparation. The grinder number used for each sample will be noted on the Sample Preparation
Log Sheet (Attachment 1). Grinding blanks will not be dried, split for archive, or sieved, a
grinding blank will only be ground and split into four fine ground samples. Results from the
grinding blank will determine if decontamination procedures of laboratory equipment are
adequate in preventing cross-contamination of samples during sample grinding and fine ground
sample splitting processes only. The grinding blank is assigned a random and unique index
identification number and is submitted to the laboratory blind. If asbestos fibers are detected in
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any grinding blank the PL2 will be notified. The PL2 will identify all samples that were
processed on the day the grinding blank was prepared, and the grinder that was used to process
the grinding blank. Detection of asbestos fibers in any drying blank (at the practical quantitation
limit of about 0.1-0.2% LA) should be taken as a sign of potential cross-contamination, and steps
should be taken to identify and address the source of the cross contamination.

13.0 DECONTAMINATION

All non-disposable equipment used during sample preparation must be decontaminated prior to
use. Scoops or spoons, splitters, sieves and drying pans that are re-used must be
decontaminated with a HEPA vacuum, compressed air, wet-wiping and/or by brushing off any
residual material. If soil particles are visible on any of the equipment, repeat the
decontamination procedure until the equipment is clean.

Detailed decontamination procedures for specific equipment are noted in Sections 6.4, 7.4, 8.3,
9.4, and 10.2.

14.0 GLOSSARY

HEPA - High Efficiency Paniculate Air

Project Plan - The written document that spells out the detailed site-specific procedures to be
followed by the Project Leader and the Preparation Lab Personnel.

15.0 REFERENCES

American Society for Testing and Materials. 1998. Standard Practice for Reducing Samples of
Aggregate to Testing Size, ASTM Designation: C 702 - 98, 4 p.

COM. 2004. Close Support Facility Soil Preparation Plan, Libby Asbestos Site, Operable Unit 4,
Libby, Montana. February.
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USEPA. 1997. Superfund Method for the Determination of Releasable Asbestos in Soils and
Bulk Materials. EPA 540-R-97-028.
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Figure-1 Soil Sample Preparation Flow Diagram

Oven Dry (901 1 degree C, approximately 24-48 hours)

RowFletd Sample
CS-1234S(a.b)

Dried Field Sample
CS-1 2345 (c)

Preparation Duplicate
CS-275B4

Sieve (1A»" screen)Sieve (1M" screen)

(i) Bomplt sample number shown to Blustrat* naming conventions
(b) Drying blanks, created udthctean quartz sand (Section 5.2)tulUb« processed tubh each batch using the same sample processing procedures oudlned En ISSI-UbbyOt (RavT)
Co) tfihQnmptels d«dgnBi«das adupOoaa. ih« sample wOl tollow th« dupltcort* splitting proottsc defined below. Ifihe sample Is not a designated dupBcata.b w01prooe*dtotfi* sieving st«p defined below.
(d) Coane xample will b« returned to COM CS F for arehh* after laboratory analyrls
(e) Grinding blanks (Section 8.3X created wbh clean quartz sand. olD be ground and split into txtr tin* ground samples using the came procedures outlined In ISSI-Ubby-01 (f*vT)
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ATTACHMENT 1

SAMPLE DRYING AND SAMPLE PREPARATION LOG SHEETS

l:\Temp\LibbySoilSOP.wpd

Page 22 of 34



TECHNICAL STANDARD OPERATING PROCEDURE
ISSI-LIBBY-01, Revision 8: SOIL SAMPLE PREPARATION

NOTE: This SOP was designed for use on Libby Project Soils. For any other use the SOP
needs to be re-evaluated based on specific project objectives

Sample Drying Log Sheet

Sheet NOJ CSF-

DatVTIm* Drying B*,

Dfttwnm* Drying Complated

lnd*x!D

(nvtntorytD
H

um
bv

BOPandRtw
Numb«r

M»*«(0>

B«for*
Drying

AfMr
Drying

Inm^B and
Dat«

NotM
(Indicat* IT dry blank

•ampl*)

QC

lnm«> and
Dat*

Th* Iollcmki0 prapwadon «9* nquli* TKlHricln biuat* and Dot* la docunanf KtMly: Sancria MB>% DalaEnliy OC

I:\Temp\LibbySoilSOP.wpd

Page 23 of 34



TECHNICAL STANDARD OPERATING PROCEDURE
ISSI-LIBBY-01, Revision 8: SOIL SAMPLE PREPARATION

NOTE: This SOP was designed for use on Libby Project Soils. For any other use the SOP
needs to be re-evaluated based on specific project objectives

Sample Preparation Log Sheet
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ATTACHMENT 2

ANALYTICAL BALANCE CALIBRATION AND MAINTENANCE LOG
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The analytical balance calibration vdll be verified daily.
All tolerance limits are standard tolerance limits for Class S-1 weights.
After 2O measurements, the tolerance range vdll be evaluated for reasonableness.
Weiahts follina outside the ranae reau ire that the balance be recalibrated using all S-class weiahts

Sheet No.: Balance-
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ATTACHMENT 3

GRINDER CALIBRATION AND MAINTENANCE LOG
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Grinder #=

Date
Activity Type

(D. A. Ml

Steve Test
SO mesh

acceptable
YorN

200 Mesh
acceptable

YorN
Notes

findude description of action /maintenance!
Technician

Initials
QC Check

Initials

0= daily oaTJbraton
A=AdjujtnentCaBbration Verification
M<* Maintenance Only
For the GO mesh stave test to be acceptable aD of the clean soi must pass through the sieve,
for the 200 mesh stove test to be acceptable as ubstantial portion of the ground soil must be retained on Ihe sieve.
Failure of either sieve test requires adjustment of tie plates followed by adjustment verification priot to grinding samples.

Sheet No.: Grinder -
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ATTACHMENT 4

VENTILATION HOOD CALIBRATION AND MAINTENANCE LOG
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Ventilation Hood *•

Date
In-line HEP A

Indicators
acceptable?

Notes
(Include description of action An a inte nance)

Technician
Initials

QC Check
Initials

Vent Mat ion system operating conditions should be verified daily
b-line system should indicate the velocity/negative Dow a 100 fVmin. If not. the problems with the system
must be corrected prior to processlna samples . Note actions or maintenance taken.

Sheet No.: Hood-
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ATTACHMENT 5

VACUUM MAINTENANCE LOG
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Vacuum # =.

Date

System
Check

Acceptable?
Yes or No

HEP A filter
clean? Yes or

No

Bag fin level
acceptable?
Yes or No

Notes
(Include description of action/maintenance

performed)

Technician
Initials

QC Check
InSials

Physical V check the vacuum suction and note audible change In motor daily. If significant reduction In the vacuum suction
or motor "strain" is audibly noted ften the system check is unacceptable. If unacceptable, perform and document the HEPAfQter
and baa maintenance checks above and perform maintenance.

Sheet No.: Vacuum -

I :\Temp\LibbySoilSOP. wpd
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TECHNICAL STANDARD OPERATING PROCEDURE
ISSI-LIBBY-01, Revision 8: SOIL SAMPLE PREPARATION

NOTE: This SOP was designed for use on Libby Project Soils. For any other use the SOP
needs to be re-evaluated based on specific project objectives

ATTACHMENT 6

OVEN TEMPERATURE CALIBRATION AND MAINTENANCE LOG

l:\Tcmp\LibbySoilSOP.wpd
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TECHNICAL STANDARD OPERATING PROCEDURE
ISSI-LIBBY-01, Revision 8: SOIL SAMPLE PREPARATION

NOTE: This SOP was designed for use on Libby Project Soils. For any other use the SOP
needs to be re-evaluated based on specific project objectives

Oven * =

Date
Certified

Temperature
Reading («C)

Thermometer
ID

System C heck
Acceptable?

90°C
(+/-1-C)

Yes or No

Notes
(Include description of action/maintenance

performed)

Technician
Initials

QC Check
Initials

Sheet No.:Oven -

I:\Temp\LibbySoilSOP.wpd
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FOREWORD

Nearly every phase of environmental protection depends on a capability to
Identify and measure specific pollutants In the environment. As part of
this Laboratory's research on the occurrence, movement, transformation,
impact, and control of environmental contaminants, the-Analytical Chemistry
Branch develops and assesses new techniques for identifying and measuring
chemical constituents of water and soil.

A 3-year study was conducted to develop improvements in the analytical
method for determination of asbestos fiber concentrations in water samples.
The research produced an improved sample preparation and analysis method'
ology, a rapid screening technique to reduce analysis cost, and a new
reference analytical method for asbestos in water. The analytical method
for determining asbestos fibers in water is perceived as representing the
curre.it state-of-the-art.

William T. Donaldson
Acting Director
Environmental Research Laboratory
Athens, Georgia
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PREFACE

The Preliminary Interim Method for Determining Asoestos in Water was
Issued by the U.S. Environmental Protection Agency's Environmental Research
Laboratory In Athens, Georgia. The method was based on filtration of the
water sample through a sub-micrometer pore size membrane filter, followed by
preparation of the filter for direct examination and counting of the fibers
in a transmission electron microscope. Two alternative techniques were
specified: one in which a cellulose ester filter was prepared by dissolution
in 4 condensation washer; and another known as the carbon-coated Nucleoore"
technique which used a polycarbonate filter. In January 1980 the method was
revised (EPA-600/4-80-005) to eliminate the condensation washer -wproach, and
a suggested statistical treatment of the fiber count data was incorporated.-

The analytical method published here is a further refinement of the
revised interim method. Major additions Include the introduction of
ozone-ultraviolet light oxidation prior to filtration, complete specification
of techniques to be used for fiber Identification.and fiber counting rules,
and incorporation of reference standard dispersions. A standardized
reporting format has also been introduced. The major deletion 1s the low
temperature ashing technique for samples high in organic material content;
ashing is not required for the analysis of drinking water and drinking water
supplies when samples are treated using the ozone-ultraviolet oxidation
technique. The "field-of-vlew" approach for examination also has been
deleted from the method. If a sample is too heavily loaded for examination
of entire grid openings, a more reliable result is obtained by preparation of
a new filter using a smaller volume of water.
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ABSTRACT

An analytical method for measurement of asbestos fiber concentration in
water samples Is described. Initially, the water sample Is treated with
ozone gas and ultraviolet light to oxidize suspended organic materials. The
water sample Is then filtered through a 0.1 urn pore size capillary-pore
polycarbonate filter, after which the filter is prepared by carbon extraction
replication for examination In a transmission electron microscope (TEM).
Fibers are classified using selected area electron diffraction (SAEO) anj
energy dispersive X-ray analysts (EOXA). Measurement of characteristic
features on a recorded and calibrated SAED pattern is specified for precise
Identification of chrysotile. Quantitative determination of the chemical
composition, and quantitative interpretation of at least one calibrated zone
axis SAED pattern are specified for precise Identification of amphibole.
Amphibole identification procedures and generation of the standard reporting
format specified far the fiber count results are achieved using two computer
programs which ars Integral to the analytical method.

This analytical method is a further development of the interim nethod
Issued 1n 198C, and incorporates results of research performed under Contract
6̂ 03-2717 under sponsorship of the U.S. Environmental Protection Agency.
This report covers a period from October 1978 to September 1931 and "the wortt
was completed as of September 1981.
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ANALYTICAL METHOD FOR DETERMINATION OF ASBESTOS FIBERS IN WATER

1. SCOPE A«0 APPLICATION

1.1 This method 1s applicable to drinking water and drinking water
supplies, and should be used when the best available analytical
procedure is required.

1.2 The method determines the numerical concentration of asbestos
fibers, the length and width of each fiber, and the estimated mass
concentration of asbestos in the water. Fiber s'ze and aspect
ratio distributions are also determined.

1.3 The method permits, if required. Identification of all mineral
fibers found in water. In particular, chrysotite can be
distinguished from the amphiboles, and fibers of specific
amphiboles can be identified.

1.4 The analytical sensitivity which can be achieved depends primarily
on the amount of other paniculate matter which Is present in the
sample. This limits the proportion of the sample which can be
mounted for examination In the electron microscope. In drinking
water which meets the AUWA turbidity criterion of 0.1 NT'j. an
asbestos concentration of 0.01 million fibers per liter (MFL) can
be detected. The contamination level in the laboratory environment
may degrade the sensitivity. The analytical sensitivity for the
determination of mass concentration is a function of the preceding
parameters and also depends on the sire distribution of the
fibers. In low turbidity drinking water the analytical sensitivity
Is usually of the order of 0.1 nanogram per liter (ng/L).

1.5 It is beyond the scope of this document to provide detailed
Instruction in electron microscopy, electron diffraction,
crystallograohy or X-ray fluorescence techniques. It is assumed
that those performing this analysis will be sufficiently
knowledgeable in these fields to understand the soecialized
techniques involved.

2. SUMMARY Of METHOD

Water collected in a polyethylene or glass container is treated with
ozone and ultraviolet light to oxidize organic matter. After mild
ultrasound treatment to dlsoerse the fibers uniformly, a known volume of
the water 1$ filtered through a 0.1 micrometer (ant) pore size
Nucleoore" polycarbonate filter. A carbon coating is then apolied «n

1



vacuum to the Active surface of the filter. The carbon layer coats and
retains In position the material which has been collected on the filter
surface. A snail portion of the carbon-coated filter 1$ placed on an
electron microscope grid and the polycarbonate filter matriial Is removed
by dissolution In an organic solvent. The carbon film containing the
original partlculate, supported on the electron microscope grid, is then
examined 1n a transmission electron microscope (TEH) at a magnification
of about 20,000. In the TEH. selected area electron diffraction (SAEO)
1$ used to examine the crystal structure of a fiber, and Us elemental
composition 1s determined by energy dispersive X-ray analysis (EDXA).

Fibers are classified according to the techniques which have been used to
Identify them. A simple code 1s used to record for each fiber the degree
to which the Identification attempt was successful. The fiber
Classification procedure is based on successive Inspection of the
morphology, the selected area electron diffraction pattern, and the
qualitative and quantitative energy dispersive X-ray analyses.
Confirmation of the Identification of chrysotHe is only by quantitative
SAEO. and confirmation of amphibole 1s only by quantitative EDXA and
quantitative zone axis SAED.

Several levels of analysts are specified, three for chrysotHe and four
for amphibole, defined by the most specific fiber classification to be
attempted for all fibers. Th« procedure permits this target
classification to be defined on the basis of previous knowledge, or lack
of it, about the particular simple. Attempts are then made to raise the
classification of all fibers to this target classification, and to record
the degree of success In each case. The lengths and widths of all
Identified fibers are recorded. The number of fibers found on a known
area of the nicroscooe sample, together with the equivalent volume of
water filtered through this area, are used to calculate the fiber
concentration in MFL. The mass concentration 1s calculated In a similar
manner by summation of the volume of the Identified fibers, assuming
their density to be that of the bulk material.

S. DEFINITIONS, UNITS AND ABBREVIATIONS

3.1 Definitions

Aclcular - The shape shown by an extremely slender crystal with
snail cross-sectional dimensions.

Amphlbole - A group of rock-forming ferromagneslan silicate
minerals, closely related in crystal form and composition
and having the general formula: A2_3B5(Si,Al>80- (OH) ,
where A • Mg, Fe*2, Ca. Ha or K, and B . Mg, Fe ,Fe*3
or A1. Some of these elements may also be substituted by
Mn, Cr, LI, Pb, Ti or Zn. It Is characterized by a
cross-linked double chain of Si-0 tetrahedra with a
silkon:oxygen ratio of 4:11, by columnar or fibrous
prismatic crystals and by good prismatic cleavage in



two directions parallel to the crystal faces and
Intersecting at angles of about 56° and

Amphibole Asbestos - Amphibole In an asbe<tiform habit.

Analytical Sensitivity - The calculated concentration 1n
!fl equivalent to counting of one fiber.

Asbestos - A comnercial term aoplied to a group of silicate
minerals that readily separate into thin, strong fibers
that are flexible, heat resistant and chemically inert.

Aspect Ratio - The ratio of length to width In a particle.

Camera Length - The equivalent projection length between
the sample and its electron diffraction pattern, in the
absence of lens action.

Chrysotlle - A mineral of the serpentine group:
Tt Is a highly fibrous, silky variety of serpentine, and
constitutes the most important type of asbestos.

Cleavage - The breaking of a mineral along its crystal lographic
planes, thus reflecting crystal structure.

Cleavage Fragment - A fragment of a crystal that Is bounded by
cleavage faces.

d-Spac1ng - The separation between Identical adjacent and
parallel planes of atoms in a crystal*

Diatom - A microscopic, single-celled plant of the class
flacillariophyceae, which grows in both marine and fresh
water. Diatoms secrete walls of silica, called frustules,
in a great variety of forms.

Electron Scattering Power - The extent to which a thin layer of
a substance scatters electrons from their original path
directions.

Energy Dispersive X-ray Analysis - Measurement of the energies
and Intensities of X-rays by use of a solid state detector
and multichannel analyzer system.

Eucentrlc - The condition when an object Is placed with its
center on a rotation or tilting axis.

Fibril - A single fiber, which cannot be separated into smaller
components without losing Us fibrous properties or
appearances.



Fiber - A particle which has parallel or stepped sides, an
aspect ratio equal to or greater than 3:1, and 1s greater
than 0.5 uffl In length.

Fiber Aggregate - An assembly of randomly oriented fibers.

Fiber Bundle - A fiber composed of parallel, smaller diameter
fibers attached along their lengths.

Habit - Th« characteristic crystal form or combination of forms
of a mineral. Including characteristic Irregularities.

Miller Index - A set of three or four integer numbers used to
specify the orientation of a crystallographtc plane In
relation to the crystal axes.

Replication - A procedure In electron microscopy specimen
preparation 1n which a thin copy, or replica, of a surface
Is made.

Selected Area Electron Diffraction - A technique In electron
microscopy In which the crystal structure of a small area
of a sample may be examined.

Serpentine - A group of conroftn rock-forming minerals having the
. formula: (Mg.Fe)3 S1205(OH)4.

Unopened Fiber - Large diameter asbestos fiber which has not
been separated Into its constituent fibrils.

Zone Axis - That line or crystallographlc direction through the
center of a crystal which is parallel to the Intersection
edges of the crystal faces defining the crystal zone.

3.2 Units

eV - electron volt

g/cm - grans per cubic centimeter

kV - ktlovolt

pg/L - mlcrograms per liter (10* grams per liter)

pn - micrometer (10* meter)

MFL - Million Fibers per Liter
..a

ng/L - nanograms per liter (10 grams per liter)_ a

nm - nanometer (10 meter)



NTU - Nephelometrlc Turbidity Unit

ppm - parts per million

3.3 Abbreviations

AWWA - American Water Works Association

EOXA - Energy Dispersive X-ray Analysis

HEPA - High Efficiency Particle Absolute

SAEO - Selected Area Electron Diffraction

SEM - Scanning Electron Microscope

STEM - Scanning Transmission Electron Microscope

TEN - Transmission Electron Microscope

UICC - Union Internationale Centre Te Cancer (International
Union Against Cancer)

UV - Ultraviolet

4. EQUIPMENT AND APPARATUS

4.1 Specimen Preparation laboratory

Asbestos, oartlcularly chrysotlla, '$ present in small Quantities
1n practically all laboratory reagents. Many building materials
also contain significant amounts of asbestos or other mineral
fibers which may interfere with analysis. It Is therefore
essential that all specimen preparation steps be performed in an
environment where contamination of the sample Is minimized. The
primary requirement of the sample preparation laboratory is that a
blank determination using known fiber-free water must yield a
result which will meet the requirements specified in
Section S.S.I. Preparation of samples should be carried out onTy
after acceptable blank values have been demonstrated.

The sample preparation areas should be a separate clean room with
no asbestos-containing materials such as flooring, ceiling tiles.
Insulation and heat-resistant products. The work surfaces should
be stainless steel or plastic-laminate. The room should be
operated under positive pressure and have absolute (HEPA) fitters,
electrostatic precipitation, o» eouivalent, in the air supply. A
laminar flow hood Is recommended for sample manipulation. It Is
recommended that a supply of disposable laboratory coats and
disposable overshoes be obtained to be worn In th- clean room.
This will reduce the levels of dust, and particularly asbestos,
wnien might be transferred inadvertently by the operator into the



clean area. Normal electrical and water services are required. An
air extract (fume hood) 1s required to remove surplus ozone from
the area near the ozone generator.

4.2 Instrumentation Requirements

4.2.1 Transmission Ele- eron Microscope

A transmission electron microscope having'an accelerating
potential of a minimum of 80 kV, a resolution better than
1.0 ran, and a magnification range of 300 to 100,000 is
required. The ability to obtain a direct screen magnifi-
cation of at least 20,000 is necessary. An overall
magnification of about 100,000 is necessary for Inspection
of fiber morphology; this magnification may be obtained by
supplementary optical enlargement of the screen Image by
use of a binocular If it cannot be obtained directly. It
1s also required that the viewing screen be calibrated (as
shown In Figure 1) with concentric circles and a millimeter
scale such that the lengths and widths of fiber images down
to 1 mm width can be measured 1n Increments of 1 mm.

.» For Bragg angles less than 0.01 radians the instrument must
be capable of performing selected area electron diffraction
from an area of 0.6 vnr or less, selected from an in-focus
Image at a screen magnification of 20,000. This perform-
ance requirement defines the minimum separation between
particles at which Independent diffraction patterns can be
obtained from each. The capability of a particular
Instrument may normally be calculated using the following
relationship:

A • T (S* 2000 f "2

where: A • Effective SAED area 1n ym

D • Diameter of SAEO aperture 1n um

M » Magnification of objective lens

C5 - Objective lens spherical aberration
coefficient in nm

e » Maximum Bragg angle In radians

Although almost all Instruments of current manufacture •teet
these requirements, many older Instruments which are still
In service do not. It Is obviously not possible to reduce
the area of analysis Indefinitely by use of apertures
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smaller In diameter than those specified by the
manufacturer, since there ts a fundamental ]Imitation
Imposed by the spherical aberration coefficient of the
objective lens.

If zone axis SAEO analyses are to be performed, It 1$
required that the electron microscope be fitted with a
goniometer stage which permits either a 360° rotation
combined with tilting through at least +30° to -30°, or
tilting through at least +30° to -30° around two
perpendicular axes in the plane of the sample. The work is
greatly facilitated if the goniometer permits eucentrfc
tilting.

It Is also essential that the electron microscope have an
Illumination and condenser lens system capable cf forming
an electron probe smaller than 100 ran 1n diameter.

Use of an anti-contamination trap around the specimen 1s
recommended 1f the required Instrumental performance is to
be obtained.

4.2.2 Energy Dispersive X-ray Analyzer

An energy dispersive X-ray analyzer is required. Since the
performance of individual combinations of equipment is
critically dependent on a number of geometrical factors*
the required performance of the combination of electron
microscope and X-ray analyzer is specified in terms of the
measured X-ray intensity from a small diameter fiber, using
a known electron beam diameter. X-ray detectors are
generally least sensitive in the low energy region, and so
measurement of sodium in crocidolite is selected as the
performance criterion. The combination of electron
microscope and X-ray analyzer must yield a background-
subtracted NaKa peak integral count rate of more than
1 count per second (cps) from a 50 nm diameter fiber of
UICC crocidolite irradiated by a 100 rm diameter electron
probe at an accelerating potential of 60 kV. The
equivalent peak/background ratio should exceed 1.0.

The EDXA equipment must provide the means for subtraction
of the background. Identification of elemental oeaks, and
calculation of net peak areas.

4.Z.3 Computer

Many repetitive numerical calculations are necessary, and
these can be performed conveniently by relatively simple
computer programs. For analyses of zone axis diffraction
pattern measurements, a computer facility with minimum
available memory of 64K words is reouired to accommodate

8



the more complex programs involved. Suggested program
listings for standardized data reporting and fiber
Identification routines are Inducted as part of this
analytlci1 procedure. (Appendices A and 8).

4.2.4 Vacuum Evaporator

A vacuunvevaporator capable of producing a vacuum better
than 10 Torr (0.013 Pa) is required for vacuum
deposition of carbon on to the polycarbonate filters. A
sample holder Is desirable which allows a 51 x 75 mm glass
microscope slide to be tilted and rotated during the
coating procedure. Use of 4 liquid nitrogen cold trap
above the diffusion punp will minimize the possibility of
contamination of the filter surfaces by oil from the
pumping system. The vacuum evapo-ator may also be used for
deposition of the thin film of ?old, or other reference
material, required on electron microscope samples for
calibration of electron diffraction patterns. For gold
deposition, a sputter coater may allow better control of
the process, and is therefore recommended.

4.2.5 Ozone Generator

An'ozone generator, in combination with ultraviolet light
irradiation, Is used for the oxidation of organic material
In water samples. This orocedure 1$ necessary on all water
samples. The generator should be capable of generating at
least 400 g of ozone pvr day at a concentration of at least
IS by weight when supplied with dry oxygen. The ozone
Generator Model SL-1 (PCI Ozone Corporation, 1 Fairfield
Crescent, West CaJdwell, New Jersey 07006) or equivalent
has been found to meet the requirements of this analytical
technique.

4.3 Apparatus, Supplies and Reagents

4.3.1 Gas Supply to Ozone Generator

The ozone generator can be supolied by either compressed
air or oxygen. The Input gas must be regulated to the
pressure specified by the generator manufacturer. It Is
recommended that oxygen be provided in order to reduce the
possibility of acid formation in the sample.

4.3.2 Gas-Line Drying Tube

The ozone generator operates more efficiently when supplied
with dry oxygen. An In-line drying tube, filled with a
des'ccant, followed by a 0.2 ^m pore size polytetra-
fluoroethylene filter to prevent participate from the
desiccant entering the ozone generator is recommended.



A stainless steel pressure filtration assembly (MllHoore
Corporation, bedford HA 01730, Cat. No. XX40 047 00) with a
0.2 ]sn pore size FluoroporeR filter (M1ll1pore Corporation,
Cat. No. FGLP 047 00) 1n the normal filter position and
silica gel In the reservoir have been found to be
satisfactory for this purpose.

4.3.3 In-Llne Gas Filtration Assembly

A filter 1s placed 1n the ozone line lomediately before the
qas enters the sample. A 25 mm stainless steel gas line
filter holder (Mllllpore Corporation, Cat. No. XX40 025 00)
or equivalent with a 0.2 urn pore slzt Fluoropore filter
(Mllllpore Corporation, Cat. No. FGLP 025 00) or equivalent
1s used in each ozone supply line to ensure that the ozone
entering the sample Is particle-free.

4.3.4 Ultraviolet lamp

A submersible short wavelenqth (254 nm) ultraviolet lamp Is
required for the ozone-UV oxidation treatment of water
samples. A 6 Inch Pen-Ray* ultraviolet lamp (Part No.
90-0004-11) and power supply model SCT-4 (Ultra-Vlolet
Products Inc., 5100 Walnut Grove Avenue, San Gabriel,
California 91778} or equivalent have been found to meet
the requirements of this analytical technique.

4.3.5 Source of Known Fiber-Free Water

For blank determinations, final washing of analytical
equipment, and dilution of some samples, a source of water
which Is free of both particles and fibers 1$ required.
Fresh double-distilled water from a glass distillation
apparatus (MEGA-PURE™ manufactured by Corning and
available from all authorized Corning Laboratory Supply
Dealers) or equivalent 1s preferable, and has been found to
meet this requirement. De-1on1zed water, filtered through
a 0.1 um pore size Nucleoore polycarbonate filter has also
been found to be satisfactory, but the filtration assembly
Itself tends to contribute some particles to the filtrate.

4.3.6 Filtration Apparatus

The water sample Is filtered through a membrane filter of
either 47 m diameter or 25 mm diameter. The filtration
assembly should be chosen to suit the size of filter in
use. A glass frit support 1s required In order to obtain a
uniform deposit on the filter. The reservoir must be
easily cleaned 1n order to prevent sample cross-
contamination. A 47 mm analytical *1lter holder (Mllllpore
Corporation, Cat. ,,o. XX10 047 00) or a 25 mm analytical
filter holder (Milllpore Corporation, Cat. No. XX10 025 00)
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or equivalent has been fount} to be suitable. When using
the larger diameter equipment It fs necessary to filter
proportionately larger volumes of water.

4.3.7 Filtration Manifold

When a number of samples are to be filtered, several
filtration units can be operated simultaneously from a
single vacuum source by using a multiple port filtration
manifold (MUHpore Corporation, Cat. No. XX26 047 35} or
equivalent. The manifold should include valves to permit
each port to be opened or closed Independently.

4.3.8 Vacuum Pump

A pump Is required to provide a vacuum of 20 kPa for the
filtration of water samples. A water jet pump (Edwards
High Vacuum Inc., Grand Island, NY 14072, Cat. NO.
Cl-C046-01-000-fema1« connection or 01-C039-01-000-ma1e
connection) or equivalent has been found to provide
sufficient vacuum for a 3-port filtration manifold and also
incorporates a non-return valve to prevent back-streaming.

4.3.9 Membrane Filters

The diameters of the membrane filters should be matched to
the diameters of the filtration apoaratus in use. For
filtration of water samples, two types of filters are
required:

- polycarbonate capillary-pore membrane filters,
0.1 urn pore Size (NuclfiPOre Corporation, 7035
Commerce Circle, Pleasanton, California 9*566)
or equivalent, are used to collect the suspended
material from a water sample.

- mixed esters of cellulose membrane filters,
0.45 urn pore size Type HA (MUHpore
Corporation, Bedford, MA 01730) or equivalent,
are used as a support filter placed between the
glass frit of the filtration apparatus and the
polycarbonate filter.

4.3.10 Jiffe Washer

A Jaffe Hasher is used for dissolution of Nuclepore
filters. Several designs of Jaffe Washtr have been used
which are modifications of the original design. Provided
that the polycarbonate filter can be completely dissolved,
and that the materials used in the different designs of
washer are demon5trably free of mineral fiber
contamination, the precise design is not considered
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Important. Because of recent changes in the formulation of
Nudepore polycarbonate filters which have degraded their
solubility in chloroform, a more complex dissolution
procedure may be required. The additional steps 1n the
preparation are more easily completed 1f the original
washer design is followed. This original design is
illustrated in Figure 5A. Figure SB shows samples being
placed on a Jaffe Washer of this design. Alternatively,
methylene chloride may be substituted for chloroform, but
because this has a higher vapor pressure it Is then
necessary to ensure that the Jaffe Washer is tightly sealed
to avoid excessive evaporation.

4.3.11 Condensation Washer

A condensation washer may be useful If TEN specimens are
required more quickly than 1s possible if the Jaffe Washer
is used alone to dissolve some batches of Nuclepore
polycarbonate filters. A condensation washer consists of a
system with controlled heating, controlled refluxing. and a
cold finger for holding the electron microscope sample
grids. Figure 6 shows one model of the condensation washer
(Cat. No. 16950, Ladd Research Industries, Inc., P.O. Gox
901, Burlington, Vermont 05401) which has been found
satisfactory.

4.3.12 Electron Microscope Grids

Specimen grids of 200 mesh and 3 mm diameter are required
in both copper and gold. The grid ooenlnqs should be
approximately 80 um square. The fiber count result
obtained 1s proportional to the nean area of the openings
examined. Therefore, it is important that an accurate
measurement of the dimensions of each grid opening can be
obtained. Since there 1s a wide range of quality in the
available copper specimen grids, these should be examined
carefully to establish the degree of uniformity of both the

2rid openings and the grid bars. Copper specinten grids
at. No. SPI I302CC and 3020T, SPI Supplies Division of
Structure Probe, Inc., P.O. Box 342, West Chester, PA
19380, or equivalent, have been found to meet the
requirements. In addition, these grids have a mark at the
center opening. This reference can be used to Indicate the
location of openings which have been examined.
Alternatively, finder grids may be substituted if
re-examination of specific grid openings is to be
required. Gold specimen grid* Cat. No.- 21612, Ernest F.
Full an, Inc., P.O. Box 444, Schenectady, N.Y. 12301. or
equivalent, have been found to meet the requirements for
gold grids.
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4.3.13 Ultrasonic Bath

An ultrasonic bath 1$ requVed for dispersing participate
1n sample containers and 'or general cleaning of
equipment. Tne size of unit selected is unimportant, and
should be related to the volume of work in progress.
Bransonlc Model 6-52 (Branson Cleaning Equipment Company,
Parrott Drive, Shelton Connecticut 064fl4) has a pcier of
200 watts at a frequency of 50 kHz and has been found to
meet the requirements.

4.3.14 Carbon Rod Electrodes

Spectrochemicslly cure carbon rods are required for use in
the vacuum evaporator during carbon coating of filters.
Type AGXSP, National Spectroscoplc Electrodes, manufactured
by Union Carbide, or equivalent, have been found to Test
the requirements.

4.3.15 Carbon Rod Sharpener

This device 1s used to sharpen the carbon rods to a neck of
3.6 mm long and 1.0 mm diameter. The use of necked rods,
or equivalent, allows the carbon layer to be applied with a
minimum of heating of the polycarbonate membrane. The
sharpener, Cat. No. 1204, Ernest P. Pull am, Inc.,
Schenectady, N.Y. 12301, or equivalent, meets the
requirements.

4.3.16 Standards

a) Reference Standard Fiber Suspensions. Glass ampoules
of stable concentrated chrysotile or amphibole fiber
dispersions, (Electron Optical Laboratory, Ontario
Research Foundation, Sheridan Park, f1*s$1ss»uga,
Ontario, Canada ISK 1B3) can be used to establish
quality assurance in analytical programs. The
reference suspensions of known mass and numerical
fiber concentrations are used to generate control
samples for Inclusion In analytical programs.

b) Reference Silicate Mineral Standards on TEM Grids. For
calibration of the EDXA system, reference silicate
mineral standards are reouired (Electron Optical
Laboratory, Ontario Research foundation, Sheridan
Park, Misslssauga, Ontario, Canada L5K 1B3).

c) Asbestos Sulk Material. Chrysotile (Canadian},
Chrysotile (fthodeslan), CrocldoUte, Amosite. UfCC
(Union Internationale Centre le Cancer) Standards.
Available from Duke Standards Ccroany, 445 Sherman
Avenue. Palo Alto. CA 94306.
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4.3.1? Carbon Grating Replica

A carbon grating replica with about 2000 parallel lines
oer m (Cat. No. 10020, Ernest F. Fullam. Inc.,
Schenectady, N.Y. 12301} or equivalent 1s required for
calibration of the magnification of the TEM.

4.3.18 Chloroform

Spectrograde chlorofonn, distilled in glass (preserved wfth
IX (v/v) ethanol, Burdlck & Jackson Laboratories Inc.,
Muskegon, Michigan 49442) or equivalent, 1s required for
the dissolution of the polycarbonate filters.

4.3.19 Petrl Dishes

Disposable plastic oetrl dishes (Mlllipore Corp. Cat. No.
PO 10 047 00) or equivalent, are useful for storage of
sample filters and specimen grids. If charge build-up on
these dishes Is experienced, It has been found that rinsing
them with a weak detergent solution will reduce the problem.

4.3.20 Quartz Plpets

Quartz plpets are used to bubble ozone through the liquid
sample. These pipets are formed by heating quartz tubing
and drawing it to a tip of approximately 0.35 mm Inside
diameter. The pipet should be sufficiently long to reach
within 1 inch of the bottom of the sample bottle, to create
good mixing of the liquid during oxidation.

4.3.21 Mercuric Chloride Solution

A 0.01 molar solution of mercuric chloride may be required
for preservation of water samples. This Is prepared by
dissolving 2.71 g of reagent grade mercuric chloride in
100 al of fiber-free water. The solution 1$ then filtered
twice through the same 0.1 um pore size Nuclepore filter,
using the filtration apparatus described fn Section 4.3.6
and a conventional filtration flask.

>

4.3.22 Routine Electron Microscopy Preparation Supplies

Electron microscopy preparation supplies such as scalpels,
disposable scalpel blades (curved cutting edge),
double-sided adhesive tape, sharp point tweezers and
soeclmen scissors are required. These items are available
from most CM supply houses.

14



4.3.23 Routine laboratory Supplies

Routine laboratory supplies and labware are reoufre«l. rhe
general supplies Include a detergent for cleaning
apparatus, marking pens for labelling class and plastic
apparatus, glass microscope slides, lens paper (far
preparation of Jaffe Washer and lining of T£V gr^d storaoe
dishes), lint free tissues. General iafcware i"=?udes si/c^
items as graduated cylinders, beakers of several sizes,
pipets. Whenever possible, disposable plastic labware is
recommended to avoid the problems of contamination f'-oti> new
glassware and cross-contamination between samples.

5. SAMPLE COLLECTION AND PRESERVATION

5.! Sample Container

The sample container will be an unused, pre-cleaned, screw-caooed
bottle of glass or low density (conventional) polyethylene and
capable of holding at least 1 liter. It Is recommended that the
use of polypropylene bottles be avoided since problems of
participate being released into water samples have been observed.

Ideally, water samples are best collected in glass bottles. '
However, glass can nave significant levels of asbestos on the
surfaces and therefore requires careful cleaning before use. Glass
is also difficult to ship because of possible breakage throuch
dropping .or freezing. Because of these disadvantages, polyethylene
bottles are more convenient to use and therefore are rscomrendeo.

"he bottles should first be rinsed twice by fillino aoproxiniately
one third full with fiber-free water and shaking vigorously for
30 seconds. After discarding the rinse water, the bottles should
then be filled with fiber-free water and treated in an ultrasonic
bath for 15 minutes, followed by several rinses with fiber-free
water.

It 1s recommended that blank determinations be made on the bottles
before sample collection. The following method has been found
satisfactory for these determinations. A ore-washed bottle
containing approximately 800 mlllMlters of fiber-free water is
processed as described for preparation o* samples, includlrs}
ozone-UV and ultrasonic treatments. When usfnd polyethylene
bottles, 1 bottle in each batch or a minimum of 1 bottle >n each ?<i
Is tested for background level, when using glass bottles, the ris*
of asbestos contamination from the bottle is greater and a *Hft1fl«un
of 4 bottles in each 24 are examined for background level.
Additional blanks mav be desirable when sampling waters
of containing very low levels of asbestos, or *hen additional
confidence in the bottle blanks is desired.
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5.2 Sample Collection

It 1s beyond the scope of this procedure to furnish detailed
Instructions for field sampling; the qeneral orlndoles of
ohtaiflinq water samples apply. However, some specific
considerations apply to asbestos fibers because they are a special
tyoe of participate matter. These fibers are small, and in water
range 1n length from 0.1 urn to ?0 urn or more.

Because of the ranoe of sizes there may be a vertical distribution
of particle sizes in large bodies of water. This distribution may
vary with depth depending upon the vertical distribution of
temperature, the water current pattern and the local meteorolcolcal
conditions. Sampling should take place according to the objective
of the analysis. If a representative sample of a water supply Is
reoulred, a carefully designated set of sarnies should be taken
representing the vertical as well as the horizontal distribution
and these samples should be composited for analysis.

When sampling from a faucet, remove all hoses or fittings and allow
the water to run to waste for a sufficiently long period to ensure
that the sample collected is representative of fresh water.
Faucets or valves should no* '->e adjusted until all samples have
been collected. If possiblt, sampling at hydrants and at the ends
of distribution systems should be avoided.

As an additional precaution against contamination, before
collection cf the sample, each bottle may be rinsed several times
in the source water being sampled. In the case of deoth sampling
in bodies of water, this rinsing may compromise the results and
should be omitted.

5.3 Quantity of Sample

Two separate samples of approximately 300 milHliters each are
required. An air space must be left in the bottle to allow
efficient redlspersal o* settled material before analysis. The
second bottle is stored for analysis if confirmation of the results
Obtained front the analysis of the first bottle is required.

6.4 Sample Preservation and Storage

- Samples must be transported to the analytical laboratory as soon as
possible after collection. No preservatives should be added during
sampling; the addition of acids should be particularly avoided.

If the sample cannot be qiven ozone-UV treatment and filtered
within *8 hours after arrival at the analytical laboratory, amounts
(1 Mini liter per liter of sample) of a pre-filtered 2.7}". solution
of mercuric chloride sufficient to give a final concentration of
20 0pm of mercury may be added, to prevent bacterial growth.
AporopHate care should be taken when handling mercury compounds.
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At all times after collection, it is recommended that the sam
should be stored in the dark and refrigerated at about 5°C In
order to minimize bacterial and algal growth. The samoles should
not be allowed to freeze, since the effects on asbestos fiber
dispersions are not known.

Before tha sample hottles are opened, the exterior surfaces should
be thoroughly washed and then rinsed in fiber-free water to avoid
inadvertent contamination of the sample by material which may be
attached to the bottles.

6. PROCEDURE

6.1 Cleanliness and Contamination Control

It is most important that all glassware and apparatus be cleaned
thoroughly in order to minimize the possibility of specimen
contamination. All phases of the specimen preoaration should be
conducted in the clean room facilities or in a laminar flow hood.
Glassware should be cleaned in an ultrasonic bath using a detergent
solution. After this, it should be rinsed three times using
fiber-free water. After drying, equipment should be stored in
clean containers and covered using aluminum foil or parafflm. AH
glassware must be washed by the above procedure before each use.

6.2 Oxidation of Organics

Oxidation of the high molecular weioht organic ccrnponents in water
samples prio-- to filtration has been found necessary if precise
results are to be obtained. Asbestos fibers have an affinity for
these organic materials. Three separate effects have been
identified which result from this affinity and which give rise to
serious errors if this oxidation is not carried out:

a) asbestos fibers associated with organic materials tend
to adhere lu the container walls;

.b) asbestos fibers tend to aggregate with organic
materials;

c) fibers embedded in organic material are not transferred
to the TEN specimen.

All three effects give rise to low results. Before sub-samples ars
taken from the bottle it is necessary to ensure that all the
part'culate material is in suspension. The organic material and
associated fibers must be released from the container walls. This
can be achieved by treating the water sample in the orioinal
collection container usinq the ozone-ultraviolet (o2ot«-UV)
technique to oxidize the organic materials. However, if a sample
Is known to be free of organic interference* che ozone-UV oxidation
may not be required.

The equipment should be assembled at shown .n Fif-ures 2 and 3.
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Figure 3. Ozone-UV Oxidation of Water Samples In Glass Bottles. The ozone
supply line has been split Into two lines to permit simultaneous
oxidation of two samples. A valve and a filter holder are
Incorporated 1n each of the supply lines to the samples.

An air extract to remove surplus ozone Is required. If It Is
necessary to check that the ozone generator is functioning within
the specifications, the output can be verified by normal chemical
methods. A suitable technique 1$ to bubble the ozone through a
solution of potassium iodide and to titrate the displaced iodine
with sodium thiosutfate solution, using starch as an indicator.

Before the oxone-UV treatment, place each polyethylene or glass
bottle containing the water sample in the ultrasonic bath for a
period of 15 minutes. Hark the level of the liquid In the sample
bottle using a waterproof felt marker. The quartz plpets should be
thoroughly washed before each use, and ^stalled on the ozone
supply as Indicated so that the tip Is close to the bottom of the
sample bottle. The UV lamo 1s also thoroughly washed and then
Immersed in the sample and switched on.

At an ozone concentration of 4J in oxygen, treat each sample with
about 1 liter/minute of gas for approximately 3 hours. At other
ozone concentrations, adjust the oxidation time so that each sample
receives about 10 grams of ozone. The gas flow rate should be
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sufficient to produce a mixing action in the liould but should not
splash sample out of the container. It is not easy to Indicate
when oxidation is complete, but this treatment as described has
been found to be adequate for all water samples so far handled.
When oxidation 1s complete, remove the UV lamp and quartz pipet,
re-cap the bottle and place it in the ultrasonic bath for a period
of 15 minutes. This allows participate released from the oxidized
organic materials and the container surfaces to be unlfomly
dispersed throughout the sample.

The Mater level in the bottle may have fallen, due to evaporation
during the oxidation procedure. The loss of volume should be noted
and can be accounted for If it is significant. The sample should
be filtered immediately after it is removed from the ultrasonic
bath.

6.3 filtration

6.3.1 General

The separation of suspended participate by filtration of
the sample through a membrane filter is a critical step in
the analytical procedure. The objective is to produce a
Nuclepore filter on which the suspended solids from the
sample are distributed uniformly, with a minimum of
overlapping of particles. The voluir* to be filtered
depends on the diameter of the filtration equipment in use,
the total suspended solids content of the sample, and in
some samples the volume depends on the fiber concentration
present.

Table 1 shows the limitation of the analytical sensitivity
as a function of the volume of water filtered. In
practice, it Is usually found that the concentration of
suspended solids limits the filtration volume. The maximum
paniculate loading on the filter which can be tolerated Is
about 20 wg/cnr, with an optimum value of about
5 uQ/cnr. Where the concentration of suspended solids 1s
known, the maximum vo1(..«a which can be used may be
estimated. Usually, however, nothing Is known about the
sample and the best procedure Is to prepare several filters
using different volumes of the sample. It has been found
that suitable filter samples display a faint coloration of
the surface, and with experience over-loaded filters
usually can be recognized. The determination of a suitable
volume to filter is usually a matter of trial and error in
the analysis of samples of relatively Tow total suspended
solids but high asbestos concentration.

No attempt should be made to filter sample volumes less
than 10 ml for 25 mm diameter equipment, and 50 ml for
47 mm diameter equipment. If smaller volumes are filtered
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TABLE 1. LIMITATION OF ANALYTICAL SENSITIVITY BY VOLUME OF WATER SAMPLE
FILTERED

Volume Filtered (ml)

Using 25 ran Diameter
niter*

O.I

0.5

1.0

2.0

5.0

10

25

50

100

Using 47 ran Diameter
Filled

0.6

2.3

5.7

11

28

' 57

1«

285

570

Analyt ical Sens i t iv i ty 1

(Fibers /Li ter )

1.5 x 107

3.0 x 106

1.5 x 106

. 0.8 x 106

3.0 x 105

1.5 x 105

6.0 x 104

3.0 x 104

1.5 x 104

1Concentration corresponding to 1 fiber detected in 20 grid openings of
nominal 200 mesh grid (approximately 80 un square grid ooenings)

2 ?Assuming Active Filter Area of 1.99 cm6

Assuming Active Fil ter Area of 11.3* cm2
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It Is difficult to ensure that a uniform deposit of
participate will be obtained on the filter. Samples of
high solids content, or of high fiber content, may require
filtration of volumes less than these. Such samples should
be diluted with fiber-free Mater so that the volumes
filtered exceed the minima specified. Dilutions should be
made by tiansferring a.known volume of the sample to a
disposable plastic beaker and making up to a known volume
with fiber-free water. The mixture should be stirred
vigorously before sub-sampling takes place.

6.3.2 Filtration Procedure

a) The sample must be filtered {mediately after the
ozone-UV and ultrasonic bath treatment. If for
any reason the sample has been stored for TO)re
than a few hours after these treatments, it Is
recommended that ozone-UV oxidation be repeated
for a short period of about 15 minutes, followed
by an additional 15 minutes in the ultrasonic
bath.

b) Assemble the filtration base and turn on the
vacuum. The upper surface of the filtration base
(both the glass frit and the ground mating
surface) must be dry before the membrane filters
are installed. Place a 0.45 pm pore sue type HA
Hlllip'ore filter on the glass frit. If the
filter appears to become wet by capillary action
on residual water in the glass frit it must be
discarded and replaced by another filter. Place
a 0.1 urn pore size Nuclepore filter, shiny side
up, on top of the Millipore filter. If the
Nuclepore filter becomes folded it must be1 discarded and replaced. The mating surface of
the reservoir component of the filtration
apparatus (the funnel) should be dried by shaking
off any surplus water and draining on paper towel
or tissue. The funnel should be positioned on
the filters and firmly clamoed, taking care not
to disturb the filters. The vacuum should not foe
released until the filtration has been completed.

It 1s necessary to comment on the use of
filtration equipment which Is still wet after
washing, since improper procedures at this point
can very seriously compromise the results. If
the glass frit 1s wet when the Nillipore filter
Is applied to 1t, capillary action will result in
some areas of the Hillipore filter structure
being filled by water. When the Nuclepore filter
is applied to the surface of the Mi Hipore filter
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and the vacuum is applied, the differential
pressure across the MilUpore filter" w i l l be
Insufficient to overcome the surface tension of
the water in the filled areas. Thus no
filtration M i l t take place through th*
corresponding areas of the Nudepore filter, and
a grossly non-uniform deposit of participate will
be obtained.

c) Add the required volume o* sample water to the
filtration funnel. Disposable plastic beakers
and pipets provide a means of measuring the
required sample volume without Introducing
problems of sample cross-contamination. The
reservoir may not be sufficiently large to
accommodate the total volume to be filtered. In
this case more of the sample may be added during
the filtration, but this should be done carefully
and only when the reservoir is more than half
full. In this way the addition will not disturb
or affect the uniformity of partlculate already
deposited on the Nuclepcre filter. Do not rinse
the sides of the funnel, and avoid other
manipulations which may disturb the participate
deposit on the filter.

d) Disassemble the filtration unit, and transfer the
Nuclepore filter to a labelled, clean petri
dish. Since the Nuclepore filters are more
easUy handled while they are stm wet, U is
recommended that the strip of filter to be used
for TEX samole preparation should be Cut as
described in Section 6.4.2 before the filter is
dried. Place the cover loose'y over the dish to
limit any deposition of dust onto the filter.
Dry the filter under an infra-red heat lamp for a
short time before closing the petri dish
completely. Discard the Mfllipore filter.

6.4 Preparation of Electron Microscope Grids

Preparation of the grid for examination 1n the electron microscope
reauires 3 high degree of manna) dexterity and is a critical step
in the procedure. The objective is to replicate the filter surface
by deposition of a carbon film and then to dissoT/e away the filter
Itself with a minimum of particle irovement and breakage of the
carbon film. The filter dissolution procedure 1s illustrated in
Figure 4.
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Figure 4. Nudepore Dissolution Technique

6.4.1 Preparation of Jaffe Washer

Prepare the Jaffe Washer as illustrated in Fioure 5A. The
stainless steel mesh is formed into a brldoe slightly less
than 1 cm high, and placed in a 10 cm diameter glass oetri
dish with a tight fitting lid. A narrow strio of lens
cleaning tissue is placed over the bridge with each end of
the tissue extending beyond the bridge to the base of the
petri dish. The other dimensions of the stainless steel
bridge and the length of the lens tissue are not critical,
but those specified in Figure 5A have been found to be
satisfactory. After the assembly is complete, fill the
petri dish with chloroform to a level just below that of
the horizontal surface of the stainless steel bridge. It
may be found that the chloroform contacts the underside
surface of the stainless steel mesh; this is not critical.
Cover the petri dish with the lid and the Jaffe Masher is
ready for use. Each time the Jaffe Washer is used, the
lens tissue and solvent should be discarded and replaced
with new lens tissue and fresh solvent. Appropriate
precautions should be taken when handling chloroform.

6.4.2 Selection of Filter Area for Carbon Coating

Polycarbonate filters are easily stretched during handling,
and cutting of areas for further preparation must be
performed with qreat care. The best method is to use a
curved edge scalpel blade to cut the filter while it is in

24



OlASS
I lOOmtn i

DISH -v ELECTRON MICROSCOPE

LENS
T-ISSUE

sr STEEL MESH
BA'OOC ( 30n>tih)

25



the plastic petri dish. Press the scalpel point an the
filter at che beginning of the desired cut, and rock the
blade downwards while maintaining pressure. It will be
found that a clean cut Is obtained without stressing of the
filter. The process should be repeated alono all four
directions to remove a rectangular portion from the active
filtration area of the filter. This filter portion should
be selected from along a diameter of the filter, and should
be about 3 nm wide by a minimum of 15 mm lonq. Areas close
to the perimeter of the active filtration area should be
avoided.

6.4.3 Carbon Coating of the Nuclepore Filter

The ends of the selected filter strips should be attach*;}
to a glass microscope slide using double-sided adhesive
tape. This must be performed carefully to ensure that the
filter strips lie flat on the slide and are not stretched.
The filter strips can be identified by using a wax pencil
on the glass slide. After Inserting the necked carbon rods
Into the vacuum evapori:;or, place the glass slide on the
sample rotation and tilting device. The separation between
the sample and the tips of the carbon rods should be about
7.5 cm to 10 cm.

If desired, the amount of carbon to be evaporated can be
monitored instrumentally so that a thickness of about 30 nm
to 50 nm is deposited on the filter strips. Alternatively,
a porcelain fragment will serve as a simple carbon
deposition monitor. Place a small drop of silicone
diffusion pump oil on the surface of a clean fragirent of
white glazed porcelain. Locate the porcelain in the
evaporation chamber with the oil droplet towards the carbon
rods and at a distance from the carbon rods equal to that
separating the rods from the filter strips. Carbon will
not deposit on the oil drop whereas it does on the other
areas of the porcelain. With experience, the correct
thickness can be monitored visually by observation of the
contrast between the darkened areas of the porcelain and
the uncoated areas under the oil drop.

Puma down the evaporation chamber to a vacuum better than
10~4 Torr (0.013 Pa). Use of a liquid nitrogen cold trap
above the diffusion pump will minimize the possibility of
contamination of the filter surfaces by oil from the
pumping system. Continuously rotate and tilt the class
slide holding the filter strips, while the carbon 1*
evaporated 1n Intermittent bursts, allowing the rods to
cool between each evaporation. This procedure is necessary
to avoid overheating of the filter strips. Overheating
tends to cross-link'the polycarbonate which then becomes
difficult to dissolve in chloroform.
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6.4.4 Transfer of the Filter to Electron Microscope SricJs j

Remove the glass slide carrying the filter strips fron the !
evaporator, and using the technique described in 6.4.2 cut •
four pieces slightly less than about 3 TOI x 3 iw in size •
fro« each filter strip. The souare of filter should 'it -|
within the circumference of an electron micrcscooe grid.
Three of the filter pieces are to be orec-jrjd on 200 mesh !
copper grids, and unless the analysis is to be for
chrysotlle only, a fourth piece should be Prepared on a 200 ;.
mesh gold grid. Tne specimens prepared on coooer grids are ^;
used for fiber counting and nost EDXA examinations. The {
preparation on the gold grid »s intended for EDXA work on .
fibers containing sodium.

Place a piece vf t.̂ e carbon-coated flUer, carton side -JD,
on to the shiny $.ide of an electron nicroscope gri<T'JsTng
fine tweezers, p'ck up the grid and Miter together and
place quickTy or» to the chloroform-saturated fens tissue in
the Jaffe Washer, as shown in Figure SB. It Is important
that the sampla be placed on the tens tissue quickly, since
hesitation while the sample is exposed to chloroform vapor
wOl cause It to curl. This is a simplified techniaue
which does not involve dropping of chloroform on to the
samples.

Some components of the oolycarbonste filters now available
dissolve in chloroform only very slowly. Conseouently, the
grids irjst be left in the Jaffe Washer for longer than 4
days, and the solvent nust he replaced every day.
Depending an the particular -ot number of the filters, even
this period may be insufficient to yield satisfactory grids
clear of undissolvsd plastic. In this event, or if a more
rapid samp'e preparation is desired, after a minimum period
of 30 minutes In the Jaffe Washer the lens paper supporting
the grids mey be transferred to the condensation washer as
illustrated in Figure 6. The condensation washer should
then be operated for ; period of between 30 and 60 minutes,
after which the ^rids will have been cleared of residual
plastic. The »-ate of condensation in the washer is not
critical, orovlded that chloroform rJrlos rapidly from the
cold finger for the whole of the washing period and the
condensation level is above the samples.

Ourlnq the dissolution, 1t is recommended t.hat the grids
not be allowed to dry since this has been found to oreatly
increase the time required for complete dissolution of the
polycarbonate.
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Figure 6. Condensation Washer.

6.5 Examination by Electron Mlcroscooy

6.5.1 Microscope Alignment and Magnification Calibration

Align the electrnn microscope according to the
specifications of the manufacturer. Initially, and at
regular intervals, carry out a calibration of the two
magnifications used for the analysis (approximately 20,000
and 2,000) using a diffraction gratlno replica, the
calibration should always be repeated after any
Instrumental maintenance or change of operating conditions.
The magnification of the screen image is not the same as
that obtained on photographic plates or film. The ratio
between these Is usually a constant value for the
Instrument. It is most Important that before the
maonlflcatlon calibration 1s carried out the sanple heioht
Is adjusted so that the sample is ir. the eucentric position.
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6.5.2 Calibration of EDXA System

The purpose of the calibration is to enable Quantitative
composition data, at an accuracy of about Iff? of the
elemental concentration, to be obtained from EOXA spectra
of silicate minerals involving the elements sodium,
magnesium, aluminum, silicon, potassium, calcium, mancanese
and Iron. If quantitative determinations are required 'or
minerals containing other elements, suitable calibration
information may be Incorporated in the computer analysis.
The well-characterljed standards recocwended oemit
calibration of any TEM-EOXA combination which meets the
instrumental specifications of Section 4.2, so that data
from different instruments an be compared. The standards
used for calibration, and the elements which they
represent, are shown in Table 2.

TABLE 2. SILICATE MINERAL STANDARDS

Elements

Na. Fe. SI

MB. si
Al, Sf

1C, SI

Ca, S1

«n, SI

Mineral Standard

Riebeckite

Chrysotile

Halloysite

Phlogopite

Wollastonite

Bustaidte

The compositions of these standards have been determined by
microprobe analysis, and the TEM grids were prepared from
fragments of the same selected mineral specimens. They
permit the corrputer program of Appendix A to be used with
any HM-EDXA system.

Place the first grid into the microscope, form an image at
the calibrated higher magnification of about 20,000, and
adjust the specimen height to the eucentric point. Tilt
the specimen towards the X-ray detector as reouired by the
instrument geometry. Select an isolated fiber or particle
less than 0.5 urn in width, and accumulate an £0X4 spectrum
using an electron orobe of suitable diameter, when a »eP
defined spectrum has been obtained, oerform an appropriate
background subtraction and obtain the net oeak areas for
each element listed, using energy windows centered on the
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peaks and about 130 eV wide. Compute the ratio of the peak
area for each specified element relative to the peak area
for silicon. Repeat the procedure for about 20 particles
of each mineral standard. Analyses of any obvious foreign
particles should be rejected, and the data from any one
standard should be reasonably self-consistent. Calculate
th* arithmetic mean peak area ratios for each specified
element of each mineral standard. These values are
required initially as Input for the fiber Identification
program, and apart from occasional routine checks to ensure
that there has been no degradation of the detector
resolution, the calibration need not be repeated unless
there has been a change of Instrumental operating
conditions.

6.5.3 Grid Preparation Acceptability

Insert the specimen grid into the electron microscope and
adjust the magnification to a value sufficiently low (300 -
1000) so iSat complete grid openings can be inspected.
Examine at Jsast 10 grid openings to evaluate the fiber and
total partlculdte loadings, the uniformity of the
participate deposit, and the extent to which the carbon
film is unbroken. The grid must be rejected from further
analysis if:

a) the grid is too heavily loaded with fibers to perform
an accurate count. Accurate counts cannot be
performed 1f the grid has more than about 50 fibers
per grid opening. A new grid preparation must be made
using either a smaller volume of water or a suitable
volume of the water diluted with fiber-free water;

b) the overall distribution of the deposited debris is
noticeably non-uniform. A new qrid preparation must
be made, paying particular attention to proper
particulate dispersal and filtration procedures;

c) the grid is too heavily loaded with debris to allow
examination of Individual particles by SAED and EOXA.
A new grid preparation must be made using either a
smaller volume of water or a dilution of the original
water sample;

d) a large proportion of the grid openings have broken
carbon film. Since the breakage is usually more
frequent in areas of heavy deposit, counting of the
intact openings could lead to biased results.
Therefore, a new grid preparation must be made from a
more completely dispersed sample, a reduced volume of
sample, or alternatively, a thicker carbon film nay be
necessary to support the larger particles.
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6.5.4 Procedure for Fiber Counting

The number of *1ber$ to be counted depends on the
statistical precision desired. In the absence of fibers,
the area of the electron microscope grids which must be
examined depends on the analytical sensitivity required.
For statistical reasons, discussed in Section 7.2, the
fibers on a minimum of 4 grid openings must be counted.
The precisian of the fiber count depends not only on the
total number of fibers counted, but also on their
uniformity from one grid opening to the next. In practice,
it has been found that termination of the fiber count at a
minimum of 100 fibers or 20 grid openings, whichever occurs
ffrst, yields results which usually require no further
refinement. Additional fiber counting will be necessary If
greater precision Is reduired.

At least three grids prepared from the filter must be used
in the fiber count. Several grid ooenings are to be
selected from each grid, and the data are all incorporated
in the calculation of the results. This permits the
measurements to be spread across a diameter of the original
filter, so that any gross deviations from a uniform
deposition of fibers should be detected.

Figures 7 and 8 show specimen fiber counting raw data
sheets which represent the minimum standard of data
reporting for this analytical procedure. Figure 7 shews
page 1 of the raw data tabulation, which contains all
specimen preoaratlon details. Figure 3 1s a continuation
sheet for the fiber classification ard measurement data;
several of these sheets may be required for analysis of a
sample.

Select a typical grid opening from one of the grids. Set
the magnification to the calibrated higher value (about
20,000). Adjust the sample height until the features 1n
the center of the screen are at the eucentric point. Check
that the goniometer tilt is set at zero. Seduce the
reunification to the lower calibrated value of about 2,000.
Measure both dimensions of the grid opening Imag* fn
millimeters, using the markings on the fluorescent screen.
In columns 1 and 2 soecify the sequential number of the
grid opening, and Us dimensions. These two columns are
not used again until fiber counting is commenced in the
next grid opening to be examinee. Adjust the magnification
to the upper calibrated value, close to 20,000. and
position the grid ooening so that one corner is visible on
the screen. Move the image by adjustment of only one
translation control, careful1 •• examining the sample for
fibers, until the opposite side of the opening 1s
encountered. Move the image by one screen width using the
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ASBESTOS ANALYSIS - HATER SAMPLE DATA

JOB:
SAMPLE:

COC£

: By. COUNT: By. Date PROCESS: 8>. Date

INSTRUMENT: MAGNIFICATIONS: Grid Count

DILUTIONS: 0
1 volum Taken (m)

2 volum Taken (nt)
Final Volume (all ._

Final Volum (ml) _

FINAL PREPARATION FILTRATION: Vol. Flltirtd (nL) 4ct1v« Are* (cm2)

COWCNTS: ('or (nelutlon 1n con^utcr print-out; format In S 1 Inei of SO crwracterj)

FIBER CLASSIFtCATJONS: I
COUNT. NAP TM tl C3 CQ. GV) COO UF. AQ At AOX .V} ADO «20 AZ2 j

PROCESS
FIBER TTP£ CLASSIFICATION CLASS!F[C<S7iCN

NOTtS: Prgpiration:

Examination:

Figure 7. Sheet for Recording Water Sample Data.
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other translation control, and then scan the ircaqe in the
reverse direction. Continue in this manner until the
entire grid opening has been inspected. When a fiber is
detected, classify it according to the procedures described
In Section 6.7, and then insert the appropriate
classification on the data sheet. Measure the length and
width of the fiber image 1n millimeters and record these ir
the appropriate columns of the data sheet. Do not record
fibers of obvious biological origin or diatom fragments.
Continue the examination until 100 fibers have been
recorded In all classification categories of interest, or
until 20 grid openinas have been inspected. The data
should be drawn approximately equally from the three
grids. In all samples, fibers on a minimum of 4 grid
openings must be counted. Fibers less than 0.5 am 1n
length will not be incorporated 1n the fiber concentration
calculation.

6.5.5 Estimation of Mass Concentration

If the primary objective of the analysis is to determine
the mass concentration, the fiber counting should be
approached in a different manner. The number of fibers
which must be counted in order to achieve a reliable
estimate of the mass concentration depends primarily upon
the range of the fiber diameter distribution. The mass
concentration measurement is most sensitive to fibers of
large diameter, which unfortunately are among those which
occur infrequently. When the diameter distribution is
narrow, such as that found in the case of chrysotile
fibrils, then the mass concentration has approximately the
same precision as that of the number concentration.
However, the mass concentration may be actually meaningless
when calculated from a low number of fibers observed during
a routine fiber count, if these fibers have a broad
distribution of widths.

If the mass concentration is the primary interest, and the
precision required Is greater than is possible from the
normal fiber count, a different approach to the fiber count
must be used. Initially, establish the largest width of
fiber which can be detected on the grid by a cursory
survey, at a reduced magnification, of a laroe number of
grid openings (aoout 50). Calculate the volume of this
fiber. Adjust the magnification to a value such that a
width of 1 mm on the screen corresponds to 10% of the width
of the previously selected large fiber. Carry out «
routine fiber count for a minimum of 100' fibers, recording
only fiber Images greater than 1 mm in width. Continue
counting until the total volume of fibers is at least 10
times the volume of the originally selected large fiber.
The precision and accuracy of this technique has not been
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investigated fully, but for samples with broad width
distributions 1t is capable of yielding significantly more
precise mass determinations than are obtainable by the
conventional fiber count.

The re/naining problem concerns the assumption that the
widths also represent the thicknesses of the fibers.
Measurements of particle thicknesses can be made
separately, using the shadow castino technfoue. Before the
filter is carbon coated, apply a vacuum coating of
platinum-carbon or gold to the active surface of the
Nuclepore filter at an angle of 45°. in the T£M, the
fibers will then display shadows on the carbon film which
approximate to their thicknesses. Suitable technlaues for
shadowing are described 1n the oaper by 0.E. Bradley
Included .n the Selected Bibliography;

6.6 Fiber Counting Criteria

6.6.1 Fiber Counting Method

Fiber counting with this analytical method will be
performed only by the qrid opening technique. If a
specimen grid is too heavily loaded for examination of
entire grid openings, a more reliable result is obtained by
preparation of a new filter, using a smaller volume of
sample.

6.6.2 Ffbers Which Touch Grid Bars

K fiber which Intersects a grid bar will be counted only
for two sides of the grid opening, as illustrated in
Figure 9. The length of the fiber will be recorded as
twice the visible length. Fibers Intersecting either of
the other two sides will not be included in the count.

/ DO HOT COWKT V • \

Figure 9. Counting of Fibers Which Overlap Grid Sars.
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This procedure ensures that the numerical count wfll be
accurate, and that the best average estimate of length has
been made.

$.6.3 Fibers Which Extend Outside the Field of View

During scanning of a grid opening, fibers which extend
outside of the field of view must be counted systematically
to avoid double-counting. In general, a rule must be
established so that fibers extending outside the field of
view in only two Quadrants are counted. Fibers without
terminations in the field of view must not be counted. The
procedure is Illustrated by Figure 10. The length of each
fiber counted is established by moving the sample, and then
returning to the original field of view before scanning is
continued.

Figure JO. Counting of Fibers Which Extend Outside the Field of View.

6.6.4 Fibers with Stepped Sides

A fiber with stepped sides will be assioned a width mid-way
between the minimum and maximum widths.
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6.6.5 Fiber Bundles

A fiber bundle conposed of n-iny parallel fibers will be
counted as a single fiber of a width eiual to an estimate
of the mean bundle width, "iqure II shows exa^o'es of tne
procedure.

Figure H. Counting and Measurement of ?iber Bundle's. Each bundle *o be
counted as one fiber with dimensions as Indicated by arrows.

6.6.6 Aggregates of Randomly Oriented Fibers

The structure of an agoreoate of randomly oriented fibers
may be sufficiently visible that the constituent fibers can
be counted. This is illustrated in Fioure 12. In this

CCUS COUNT AS i

Figure 12. Counting of Fiber Aggregates.
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case Individual fibers will be recorded. Where the fiber
aggregate is too Urge and complex to count each individual
fiber, the Identification and aggregate dimensions will be
recorded, but it will not be Incorporated in the fiber
count and mass calculations.

6.6.7 Fibers Attached to Non-Fibrous Debris

A fiber may be attached to, or partially concealed by, a
particle of non-fibrous debris. If two ends are visible
which appear to be the ends of a single fiber, the fiber
Mill be counted. Where only one end of a fiber 1s visible,
the fiber will be counted as a single fiber having a length
equal to twice the visible length, except where this would
place the concealed end outside of the particle. In this
case the length will be recorded as the visible length plus
the extension of it to the opposite side of. the particle.
Examples of the procedure are shown in Figure 13. There
nay be more than one fiber attached to a single particle of
debris; each one should be counted. If an assembly of
fibers and particles is too complex to treat in this way,
the overall dimensions should be recorded, but the assembly
should not be Incorporated in the fiber count and mass
calculations.

Figure 13. Counting and Measurement of Fibers Attached to Non-Fibrous Debris.

6.7 Fiber Identification Procedures

6.7.1 General

Before It Is incorporated into the fiber count, each
particle with an asoect ratio of 3 to 1 or greater and not
of obviously biological origin must be identified according
to defined criteria. It is recognized that economic
considerations- usually preclude unequivocal identification
of every fiber reported. In this analytical method, the
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requirement for uneaul-/ocal Identification is limited to a
small proportion of the fibers in order to demonstrate the
presence of the particular species, '"he proportion of
fibers examined for uneouJvocsl identification w i l l be
stated in the analytical result. Tlie remainder o' the
fibers are then classified on the hasis of crysta'loqraoMc
or chemical similarity, or both, to the identified fibers.
If on later examination It is considered necessary to
perform a more complete and rigorous identification,
additional fibers may be examined in more detail to conf'rm
conclusions based on the fiber classification data.

fn general, it will be found that for various instrumental
reasons it may be iiroossible to identify a specific fiber

completely, even though the fiber may be of a weil-
characterized variety. It is, nevertheless, important to
record the degree to which the procedures were successful
In classification or itfs.-»tificat1on of a particular fiber.

6.7.2 SAED and EOXA Techniques

Fibers are initially classified into two cateqories on the
basis of morphology-' those fibers with tubular morphology,
and those fibers without tubular morphology. Further
analysis of each fiber is conducted using SAC!) and EDXA
methods. Althouflh the precise techniques and
classification procedures are specified in Sections 6.7.4
and 6.7.5, some general guidance on the use of SAEO and
EOXA methods is given here.

crystal s^r-jctur* of some mineral fibers, sue* as
chrysotile, is easily degraded by the high current
densities required for EOXA examination. Therefore, SAEO
Investigation of these sensitive fibers must be completed
before attempts are made to obtain EDXA spectre. When
examining more stable fibers, such as tBe anphfboles, the
order of work is unimportant.

The SAEO techniaufi can be either Qualitative or
Quantitative. Qualitative SAEO consists of visual
examination of the pattern obtained on the "licroscooe
screen from a randomly oriented fiber. SAEO patterns
obtained from fibers with cylindrical syirmetry, such as
chrysotll*, are an exception since they are not sensitive
to axial tilt, and patterns from randonly oriented fibers
can be interpreted Quantitatively. For non-cylindrical
fibers. Quantitative (zone axis) SAED reaulr*»s alignment of
the fiber so that a principal crystal lographic axis is
parallel to the electron beam. The pattern is then
recorded and its consistency with known mineral structure*
Is checked by a computer program. The SAEO pattern
obtained from one zone axis may not be sufficiently
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specific to Identify the mineral fiber, but It is often
possible to tilt the fiber to another angle and to record a
different zone axis pattern. The angle between the two
axes can also be checked for consistency with the structure
of a suspected mineral.

For visual examination of the SAED pattern, the camera
lenqth of the TEH should be set to a low value and the SAED
pattern then should be viewed through the binoculars. This
procedure minimizes the Irradiation and possible degradation
of the fiber. However, the pattern 1$ distorted by the
tilt anql* of the viewing screen. For recording purposes,
a camera length of at least 2 meters must be used 1f
accurate measurement of the pattern 1$ to be possible. It
1s of extreme Importance that, when obtaining an SAED
pattern for either recording or visual evaluation, the
sample height be properly adjusted to the eucentric point
and the image be focussed in the plane of the selected area
aperture. If this Is not done there may be some components
of the SAED pattern which do not originate from the
selected area. It will be found in general that the
smallest SAED aperture will be necessary.

For accurate measurements of the SAED pattern, an internal
calibration standard is required. A thin coating of gold,
or other calibration material, must be applied to the
underside of the TEM specimen. This.coating can be applied
either by vacuum evaporation or, more conveniently, by
sputtering. The polycrystalHne gold film yields
diffraction rings on every SAED pattern and these rings
provide the required calibration Information.

To form an SAED pattern, move the image of the fiber to the
center of the screen and insert a suitable selected area
aperture Into the electron beam so that the fiber, or a
portion of 1tr is In the illuminated area. The size of the
aperti-re and the portion of the fiber should be such that
particles other than the one to be examined are excluded
from the selected area. Observe the diffraction pattern
with the binocular attachment. If an Incomplete
diffraction pattern 1s obtained, move the particle around
in the selected area to attempt to get a clearer
diffraction pattern or to eliminate possible interferences
from neighboring particles.

If a zone axis SAED analysis is to be attempted on the
fiber, the sample must be in the appropriate holder. The
most convenient holder allows complete rotation of the
sample and single axis tilting. Rotate the sample until
the fiber image indicates that the fiber is oriented with
its length coincident with the tilt axis of the goniometer,
and adjust the sample height until the fiber is at the
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eucentric position. Tilt the fiber until a pattern appears
.which is a symmetrical, two dimensional array of soots.
The recognition of zone axis alignment conditions requires
some experience on Che part of Che operator. During
tiltirg of the fiber to obtain zone axis conditions, the
manner fn which the intensities of the spots vary should be
observed. If wea* reflections occur at sore points on a
matrix of strong reflections, the possibility of multiple
diffraction exists, and some caution should be exercised in
selection of diffraction spots for measurement. A full
discussion of electron diffraction and multiple diffraction
can be found In the references by J.A. Card, P.B. Hirsch et
al, and H.R. Wenk, included in the Selected Bibliography.
Not all zone axis patterns which can be obtained are useful
or definitive. Only those which have closelyspaced
reflections corresponding to low indices In at least one
direction should be recorded. Patterns in which all
d-spacings are less than about 0.3 nm are not useful and
are usually very wasteful In computer time. A useful
guideline is that the lowest angle reflections should be
withfn the radius of the first gold diffraction ring (111),
and that patterns with smaller distances between
reflections are usually the most definitive.

Five spots, closest to the center spot, along two
intersecting lines of the zone axis pattern must be
selected for measurement, as illustrated In Figure 14.

Figure 14. Measurement of Zone Axis SAE0 Patterns.
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The distances of these spots from the center soot and tf>e
four angles shown are the Input for the corouter program.
Since the center spot is usually very over-exposed, it does
not form a suitable origin for measurement. The reouiretf
distances must therefore be obtained by measuring between
pairs of spots symmetrically disposed about the center
spot, preferably separated by several repeat distances.
The distances must be measured with a precision of better
than 0.3 mm. and the angles better than 2.5°. The
diameter of the first or second ring of the calibration
pattern (HI and 200) must also be measured with the same
precision.

The camera constant (iL) required for the computer program
is 51 vert by:

H

where:

x » Wavelength of the incident electrons

L • Effective camera length in itm

a - Unit cell dimension in Angstroms

0 - Diameter of the fh, k, 1) diffraction
rings in millimeters

h, k, 1 • Miller indices of tne scattering olane
of the crystal.

Using gold, the Camera constant is given by:

1L • 2.35*8 0 (first ring)

\l - 2.0393 D (second ring)

Analysis of a fiber by EOXA 1s required in this analytical
procedure. Interpretation of the EDXA spectrum may be
either qualitative or Quantitative. For qualitative
interpretation of a spectrum, the elements originating from
the fiber are recorded. For quantitative interpretation,
the net peak areas, after background subtraction, are
obtained for the elements originating from the fiber. A$
discussed In Section 6.5.2, this method provides for
quantitative Interpretation for those minerals which
contain silicon.
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To obtain an EDXA spectrum move the linage of r-he fiber to
the center of the screen and remove the objective «ertur»
Select an appropriate electron beam diareter and deflect
the spot to Impinge on the fiber. Oeoertdinq on the
Instrumentation, it may be necessary to tilt the
In some Instruments to use Scanning Transmission electron
Microscopy (STEM) mod'' of operation.

The time for acquisition of a suitable spectrum varies with
the fiber diameter, and also with instrumental factors.
For quantitative interpretation, spectra should have a
statistically valid number of counts in each peak.
Analyses of small diameter fibers which contain sodium are
the most critical, since it is in the lew energy range that
the X-ray detector Is 'east sensitive. Accordingly, it is
necessary to acquire a spectrum for a sufficiently long
period that the presence of sodium can be detected in such
fibers. It has been found that satisfactory quantitative
analyses can be obtained if acdulsition is continued until
the background-subtracted silicon Ks peak integral exceeds
10000 counts. The spectrum should then be manipulated to
subtract the background and to obtain the net areas of the
elemental peaks.

After quantitative EOXA classification of some fibers by
computer analysis of the net peak areas, it rray be oossiole
to classify further fibers 1n the same sample on the basis
of comparison of spectra at the instrument. Freouently,
visual comparisons can be made after sonewhat shorter
acquisition times.

6.7.3 Analysis of Fiber Identification Cats

Since the fiber identification procedure can be Involved
and time-consuming, a Fortran computer program has been
provided, the listing of which is given in Appendix A.
This program permits the EDXA and zone axis SAED
measurements to be compared against a library of
compositional and structural data for 226 minerals. The
mineral library includes fibrous soecifis which have been
listed by several authors, together with other minerals
which are known to be similar to amphibole in either their
compositions or some aspects of their crystalloqraphy.
Additional minerals may be added to the library if they are
thought to be Of concern in particular stations.
Rejection of a mineral by the program indicates that -liner
the compositional or crystallorraphlc data for the
in the library are inconsistent with the •neasurements
on the unknown fiber. Demonstration that the oeasure!«erts
are consistent with the data for a particular test iinerat
does not uniouely identify the unknown, since thp
possibility exists that data from other minerals may also
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be consistent. It Is, however, very unlikely that a mineral
of another structural class could yield data consistent with
that from an amphlbola fiber identified uniquely by quanti-
tative EOXA and two zone axis SAED patterns.

The computer program classifies fibers initially on the
basis of chemical composition. Either Qualitative or
ouantitative EDXA information may be entered. The
procedure using qualitative EDXA consists of entering the
list of elements wnfch originate from the particle. For
quantitative ECXA (silicon-containing minerals only), the
list of elements and the areas under the corresponding
X-ray emission peaks, after background correction, form the
input data for the computer program. The width of the
fiber 1s also required as Input Into the program. The
program will select from the file a 11st of minerals which
are consistent in composition with that measured for t!>e
unknown fiber. To proceed further, 1t Is necessary to
obtain the first zone axis SAED pattern, according to the
instructions In Section 6.7.2.

tt would be attractive to specify a particular zone axis
pattern to be obtained for confirmation of amphibole,
particularly If such a pattern could be considered
characteristic. Unfortunstely, for a fiber with random
orientation on the qrld, no specimen holder and goniometer
currently available will permit convenient and rapid
location of two pre-selected zone axes. The most practical
approach has been adopted, which 1s to accept those low
Index patterns which are easily obtained, and then to test
their consistency with the structures of the minerals
already pre-selected on the basis of the EDXA data. Even
the structures of non-amphibole minerals In this pre-
selected list must be tested against the zone axis data
obtained for the unknown fiber, since non-amphibole
minerals may yield similar patterns consistent with
amphibole structures In some orientations.

The zone axis SAEO interpretation part of the program will
consider all minerals previously selected from the file as
being chemically compatible with the EDXA data. It will
then return a second and usually reduced list of minerals
for which solutions have been found. A second set of zone
axis data from another pattern obtained on the same fiber
can then be processed either as further confirmation or to
attempt elimination of an ambiguity. In- addition, the angle
measured between the orientations of the two zone axes c*r
be entered Into the computer to be checked For consistency
with the structures of minerals. Caution should be
exercised in rationalizing the Inter-zone axis angle, since
If the fiber contains c-axis twinnin^ the two zone axis
SAED patterns may originate from the separate twin crystals.
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In practice, th«» full prooram will normally !>• aoplie-l to
very few fibers, unless orecise Identification of ill
fibers is reoulred.

6.7.4 Fiber Classification Categories

It is not always possible to proceed to a definitive
Identification of a fiber; this may be due to instrumental
limitations or to the actual nature of the fiber. In many
analyses a definitive identification of each fiber may not
actually be necessary if there is other knowledge available
about the sample, or if the concentration is below a level
of Interest. The analytical procedure must therefore take
account of both Instrumental limitations and varied
analytical requirements. Accordingly, a system of fiber
classification has been devised to oermit accurate
recording-of data. The classifications are shown in Tables
3 and 4, and are directed towards identification of
chrysotlle and amphlbole respectively. Fibers Kill be
reported in these categories.

The general principle to be followed in this analytical
procedure Is first to define the most soecific fiber
classification (target classification) which is to be
attempted. Then, for eacn fiber examined, the classifica-
tion which is actually achieved is recorded. Depending on
the intended use of the results, criteria for acceptance of
flt>ers as "identified" can then be established at any time
after completion of the analysis.

In an unknown sample, chrysotUe win be reoarded as
confirmed only if a recorded, calibrated $A£D pattern from
or»e fiber in the CO category is ohtalned. Ampnibole will
be regarded as confirmed only by obtaining recorded data
which yields exclusively amphlbole solutions for fibers
classified in the A20, AZZ or AZZQ categories.

6.7.5 Procedure for Classification of Fibers U1th Tuhular
Morphology, Suspected to be Chrysotlle

Many fibers are encountered which have tubular morphology
similar to that of chrysotlle, but which defy further
attempts at characterization by either SAED or EDXA. They
mey be non-crystal11ft, in which case S^ED technioues are
not useful, or tney may be ir» a position on the or it' s»hjch
does not permit an EDXA soectrum to be obtained.
Alternatively, the fiber may be of organic origin, but not
sufficiently definitive that it can be disreoarded.

Classification attempts will meet with various degrees of
success. Figure 15 shows the classification orocedi/re to
be used for fibers which display any tubular -ncrpnoloay.
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TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TH - Tubular Morphology not sufficiently characteristic
•for classification as chrysotile

CM • Characteristic Chrysotile Morphology

CD - Chrysotile SAED pattern

CQ • Chrysotile composition by Quantitative EDXA

CMQ - Chrysotile Morphology and composition by
Quantitative EDXA

COQ • Chrysotile SAED pattern and composition by
Quantitative COXA

NAM • Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD - Amphibole by random orientation SAED (shows layer
pattern of 0.53 nn spacing)

V
AX - Amphibole by qualitative EDXA. Spectrum has elemental

components consistent with ampnibole

AOX - Amphibole by random orientation SAED and Qualitative
EDXA

AQ - Amphibole by Quantitative EDXA

AZ . Amphibole by one Zone Axis SAED

AOQ - Amphibole by random orientation SAED and Quantitative
EDXA

AZQ - Amphibole by one Zone Axis SACD pattern and Quantitative
EDXA

AZZ - Amphibole by two Zone Axis SAEO patterns with consistent
inter-axial angle

AZZQ • Amphibole by two Zone Axis SAED patterns, consistent
Inter-axial angle and Quantitative EDXA

NAM - Non-Asbestos Mineral
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FIBER WITH TUBULAR MORPHOLOGY
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Figure 15. Classification Chart for fiber with Tubular Morphology.
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The chart is self explanatory, and essentially every flter
is either rejected as a non-asbestos mineral (NAM), or
classified In some way which could still contribute to the
chrysotile fiber count.

Morphology 1s the first consideration, and If this is not
Similar to that usually seen 1n chrysotile standard
samples, the initial cldssiffcation is TH. Regardless of
the doubtf-jl morphology, the fiber will still be examined
by SAEO and EOXA methods according to Figure IS. Where the
morphology 1s more def'riitive, 1t may be possible to
classify the fiber as having chrysotile morphology (CM).

The morphological characteristics required will be:

a) the Individual fibrils should have high aspect ratios
exceeding 10:1 and be about 40 nm in diameter;

b) the electron scattering power of the fiber at 60 to
100 kV accelerating potential should be sufficiently
low for internal structure to be visible; and

c) there should be some evidence of internal structure
suggesting a tubular appearance similar to that shown
In Figure 16A, which may degrade in the electron beam
to the appearance shown in Figure 16B.

Every fiber having these morphological characteristics will
be examined fay the SAEO technique, and only those which
give diffraction patterns with the precise characteristics
of Figure 17 will be classified as chrysotile by SAED (CO).
The relevant features in this pattern for identification of
chrysotile are indicated. The (002) reflections should be
examined to determine that they correspond approximately to
a spacing of 0.73 nm, and the layer line repeat distance
should correspond to 0.53 run. There should also be
"streaking" of the (110) and (130) reflections. Using the
millimeter calibrations on the microscope viewing screen,
these observations can readily be made at the instrument."
A TEW micrograph of at least one representative fiber will
be recorded, and its SAEO pattern will also be recorded on
a separate film or plate. This plate will also carry cali-
bration rings from a known polycrystalline substance such
as gold. This calibrated pattern i* the only documentary
proof that the particular fiber is chrysotile and not some
other tubular or scrolled species such as ha>loysite, paly-
gorskHe, talc or venniculite. The proportion of fibers
which can be successfully identified as chrysotile by SAEO
is variable, and to some extent dependent on both the
Instrument and the procedures of the operator. The fiberr
that fail to yield an identifiable SAEO pattern wi l l regain
In the TM or CM categories unless they are examined by
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0.05/jm

Figure 16A. TEM Micrograph of Chrysotlle Fibril, showing Morphology.

0.05 um

Figure 160. TEM Micrograph of UICC Canadian Chrysotlle Fiber after
Thermal Degradation by Electron Beam Irradiation.
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Figure 17. SAED Pattern of Chrysotile Fiber with Diagnostic Features Labelled.
Necessary criteria are the presence of 0.73 nm spacing for the
002 reflections, 0.53 nm spacing for the laver Tine repeat and
characteristic streaking of the 110 and 130 reflections.

In the EOXA analysis of chrysotfIs there are only two
elements which are relevant. For fiber classification, the
EOXA analysis must be Quantitative. If the soectrum
displays prominent peaks from magnesium and silicon, with
their areas in the appropriate ratio, and. with only minor
peaks from other elements, the fiber will be classified as
chrysotlle by Quantitative EDXA, in the categories CO, CK)
or CDQ, as appropriate.

For chrysotile analyses there are essentially three
possible levels of analysis:

1. morphological and SAED discrimination only (Target
classification CO);

2. 1n addition, EDXA of only those fibers unclassified by
SAED (Target classification CO);

3. EDXA fn addition to SAEO on all fibers (Target
classification CDQ).

6.7.6 Procedure for Classification of Fibers Without Tubular
Morphology, Suspected to be A/nphlbole

Every particle without tubular morphology and which is not
obviously of biological origin, with an aspect ratio cr 3
to 1 or greater and having parallel or stepped sides, win
be considered as a suspected amphibole fiber. Further
examination of the fiber by SAEO and EDXA technioues
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meet with a variable d^qree of success, depending or the
nature of the fiber and on a number of Instrument*!
limitations. It will not be possible to Identify every
fiber completely, even ff time and cost were of no concern.
Moreover, confirmation of the presence of amphibole can be
achieved only by quantitative interpretation of zone axis
SAE0 patterns, a very time-consuming procedure.
Accordingly, for routine samples from unknown sources» this
analytical procedure limits the requirement for zone axis
SAED work to a minimum of one fiber representative of each
compositional class reported. In some samples, it may be
necessary to identify more fibers by the zone axis
technique. When analyzing samples from well-character:zed
sources, the cost of identification by zone axis mpinods
may not be Justified.

The 0.53 nm layer spacing of the random orientation SAcD
pattern is not by itself diagnostic for amphiboT*.
However, the presence of c-axls twinning .in many fibers
leads to contributions to the layers in the patterns by
several individual parallel crystals of different axial
orientations. This apoarently random positioning of the
spots along the layer lines, if also associated with a high
fiber aspect ratio, is a characteristic of amphibole
asbestos, and thus has some limited diagnostic value. If a
pattern of this type is not obtained, the identity of the
fiber is still ambiguous, since the absence of a
recognizable pattern may be a conseouence of an unsuitable
orientation relative to the electron bea^, or the fiber may
be some other mineral species.

Figure 18 shows the fiber classification chart for
suspected amphlbole fibers. This chart snows all the
classification paths possible In analysis of a suspected
amphibole fiber, when examined systematically by SAED and
EDXA. Initially two routes are possible, depending ofl
whether an attempt to obtain an EDXA spectrum or a rgrtdom.
orientation SAED pattern is made first. The normal
procedure for analysis of a sampl? of unknown origin will
be to examine tne fiber by random orientation SAID,
qualitative COXA, quantitative EDXA, and zone axis IA£D, in
this sequence. The final fiber classification assianed
wl'.l be defined either by successful analysis *t the target
level cr by the Instrumental ItmlHtlons. The maximum
class If fca^on achieved for each fiber will be recorded on
the counting sheet in the appropriate column. The various
classification categories can then be combined <n any
desired way for calculation of the f-ber concentration, and
a complete record of the results from each fiber is
maintained for reassessment of the data if necessary.
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figure 18. Classification Chart for Fiber Without Tubular Morphology.
Bold Lines indicate the Preferred Paths.
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Depending on the oarticular situation, four levels o'
analysis can be defined in this analytical orocedure, and
these are shown in Table 5.

In the routine unknown samole, a level 3 analysis will be
required if the presence of amphibole is to be confirmed.
For this level of analysis, attempts v*111 be made to raise
the classification of every fiber to the ADQ category. In
addition, at least one fiber from each type of suspected
amphibole found Mill be examined by zone axis SA£D methods
to confirm the identification.

TABLE 5. LEVELS OF ANALYSIS FOR AMPHI30LE

Level Of
Analysis

1

2

3

4

Application

Routine monitoring of
known and well -charact-
erized sources for one
mineral fiber type.

Routine monitoring of
known and well -charact-
erized sources where
discrimination Letween
two or more amphlbole
fiber types Is required

Routine samples from
uncharacterlzed sources
fn which presence or
absence of amphlbole
is CO be con finned.

Samples where precise
identification of all
anohfbole fibers is
an important Issue.

Target
Classification
for all Fibers

ADX

AOO

A 00

AZQ

Required Classification
for Confirmation of

Amphlbole 1n e Proportion
of the Fibers

Not Applicable

Not Applicable

AZZ, AZQ or AZZQ -
Solutions must
include only
amphiboles.

AZ2Q - Solutions
must induce only
amphiboles.
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6.8 Blank and Control Determinations

To ensure that contamination by extraneous fibers during
preparation is insignificant compared with the results reported on
samples, it is necessary to establish a continuous program of blank
measurements. Initially, and at intervals during an analytical
program, it is also necessary to ensure that samples of known fiber
concentrations can be ar.jlyzed satisfactorily.

6.8.1 Blank Determinations

At least one blank determination will be made along with
every group of samples prepared at any one time. For the
blank determination, a 0.1 ^m Nuclepore filter will be
prepared by filtration of 100 ifL of ozone-UV treated
fiber-free water if using 25 mm diameter equipment, and
500 ml treated water if using 47 mm diameter equipment. If
the samples have been preserved with mercuric chloride, an
equivalent amount of the solution should be added to the
water used for the preparation of the blank. This blank
filter vrill be carbon coated at the same time as the group
of samples, and solvent extracted in the same Jaffe
washer. All aspects of the sample preparation will then be
identical to those for the actual samples. All fibers on
20 grid openings of the b'ank sample will be recorded. The
mean fiber concentration for the blank must be less than
0.05 Mfl or less than 1* of the lowest individual value
reported ir> the samples concerned, whichever is the greater
value. If J value higher than these criteria is
encountered, satisfactory blank values must be demonstrated
before further analyses are carried out. If it is
Susoectec t.'.at jjmp'es could have been contaminated during
the original preparation, the duplicate bottles should be
used for the repreparation of the samples concerned.

6.8.2 Control Samples

Control samples *>u$t be incorporated into sample analysis
programs in order to demonstrate that the expected results
can be produced from samples of known fiber concentration.
Such reference suspensions can be prepared using ampoules
of stable fiber dispersions listed in Section 4.3.16. It is
recommended that the range of fiber concentrations found in
the real samples should be simulated using the reference
suspensions. The sealed ampoules of fiber dispersions
become unstable when they are opened, and the fiber
concentration value should not be relied upon for more than
8 hours after opening. Accordingly, it is recommended
that, upon opening a dispersion concentrate ampoule,
several reference suspensions of different fiber
concentrations be prepared in sample bottles. These
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Dottles can then be stored for areoaratlor and
along with water samples of unknown fiber concentrations.

7. CALCULATION OF RESULTS

The result? are conveniently calculated usinq 3 computer program, 'he
listing of which Is provided in Appendix B. The rrethods by which the
calculations are made are described below,

7.1 Test for Uniformity of Fiber Deposit on Electron ^Icroscooe Grids

A check must be made using the chl-square test, to determine
whether the fibers found on individual grid openings are randomly
and uniformly distributed among the grid openings. If the tots'
number or fibers found 1n k grid ooenlnos is n, and the areas of
the k Individual grid openings are designated A} to Ak,
the total area examined is

i • k

Z

The fraction of the total area examined which is reoresented by the
individual grid opening area, DJ» is given by A.,/A. If the
fibers are randomly and uniformly dispersed over the k grid
openings counted, the expected number of fibers falJinq in one qrid
opening with area Af is r.p{. If the observed nymber found on
that grid opening is ftj, then:

i » k

my <•. • »,)'
f .i.. > np.r
i » 1

This value is cotrp^red with significance points of the x*
distribution, having (k - 1) degrees of freedom. Siqnlficance
level! lower than 0.1* are cause for tne sample analysis to be
rejected, since this corresponds to a very i«homooeneo»s teoosH.
If this occurs, a new filter should be prepared, oayino more
attention to both uniform dispersal of the suspension ar.d the
filtration procedure "5 described in Section 6.3.2.
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7.2 Calculation of the fean and Confidence Interval
Of the Fiber Concentration

In the fiber count, a maximum of 20 grid openings have b??n s
from a population of grid openings, and it is reayired to Gete1-
Che mean grid ooening fiber count for the peculation on tr>e bas's
of this sampling. The interval about the sample asean," which. *''
955 confidence, 'contains the population mean, Is a'.so reouireo.

The distribution of fibers on the grid openings should theoreti-
cally approximate a Poisson distribution. Because o' fiber
aggregation and size-dependent Identification effects, the
count data often do not conform to the Poisson distribution.
particularly at high fiber counts. Slmo'e assumotion of a
distribution .nay therefore lead to confidence Intervals narrower
than are justified by the data. Moreover, if a Poisson
distribution is assumed, the variance is fixed in relation to the
total number cf fibers counted. Thus a particular fiber count
conducted on one grid opening is considered to have the same
confidence interval as that for the saw; number of fibers fcurd on
many grid openings. However, the area of sample actual!/ C'.urtec
1$ very small In relation to the total area of the filter, anc for
this reason fibers must be counted on a minimum of •» grid coeni
taken from different areas of the filter in order to ensure
representative evaluation of the deposit.

At high fiber counts, where there are adeouate numbers of 'i
per grid ooening to allow a sample estimate of the varisnce to te
made, the distribution can be approximated to Gaussian, with
independent values for the mean and variance. Where the i«.-.Dle
estimate of variance exceeds that implicit in the Pp«ssonian
assumption, use of Gaussian statistics with the variance cef ined
the actual data is the mo't conservative approach to calculation o
confidence intervals.

At low fiber counts, it is not possible to obtain a reliable
estimate of the variance, and the distribution also becwr.es
as/metric, but not necessarily Polssonian. For 2{J fibers and
below, the distribution becomes sufficiently isjtranetric that the
Gaussian fit is no longer a reasonable one, and sample variance .
estimates are unreliable. Accordingly, for fiber counts be'cw 21
fibers, the assumption of a Poisson tfistrisution nus: be *ace -sr
calculation of the confidents Intervals.

For total fiber counts lesi than 5, the lower 95; confidence v « - ,
"orresponds to one fiber or less, and in addition, tne uoper a«-:
confidence value corresponding to a fiber count of zero is ? *°
fibers- Therefore, it is not meaningful to auote lower
Interval points for fiber counts of less than S, aru! the
should be specified as "less than" the corresponding Poisscn
95> confidence value.
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For fiber counts higher. ».han JO. the samo'e estimate of variance is
also calculated, and the la/7er of the two confidence intervals is
selected. For calculation rf K0-<son 95S confidence intervals.
Table 40 or th» reference by £.S. rt-yrson and H.O. Hartley should
be used, with an extension to an expectation of 100. For nore than
100 fibers, the Pofsson distrlbjtion can be accurately approximated
by a Gaussian distribution, still using the Pofsson variance
estimate- For counts of more than 30 fibers, the 95=i confidence
interval based on a sanple estimate of variance is calculated us in?
the Student's "t" distribution. For the two-sided Student's "t"
calculation, k values of grid opening fiber count are compared wit.n
the expected values for the areas of the grid openings concerned.

In sunnary, fiber counting data Mill te reported as follows:

No fibersjlecected

The value fill be reported a; ><*:$ than 369n of the
concentration eouivalent to one fiber.

I to 4 fibers

When 1 to * fibers are counted, the result will be reported
as less than the corresponding uoper 951 confidence lin-it
(Poisson).

5 to 30 fibers

tfean and 9S« confidence intervals w i l l be reported on the
basis of the Poisson issmnion.

.More than 30 fioers

When more than 30 fibers are counted, both the Gaussian 95'»
confidence interval *nd tne Poisson 95* confidence interval
will b« calculated. Tne larger of these 2 intervals *:11
be selected for data reporting. When tne Gaussian 95"'
confidence interval is selected for daU reporting, the
Poisson Interval MiH also be noted.

Fiber counts performed on less than A grfo openings yield ve^y
95* confidence intervals then using Gausjian staMstics. ^h«s 's
because tne value of Student's "t" is very large for 1 and 2
degrees of freedom. Accordingly, fiber counts *ust not be -nace o
less than 4 grid openings.
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The sanole estimate of variance S2 is first calculated:

1 • k

\ (Of -

(k - 1)

where:
nj • N'jflioer of fiber? on the i'th grid ooenlng

n - Total number of fibers found In k grid openings

Pf • Fraction of the total area examined reoresented by
the i'th grid opening

k • Number of grid openings

For the 95" confidence Interval, the value of ̂ 0.97$ 1s obtained
from tables for (k - 1) degrees of freedom. If the mean value of
fiber count is calculated to he n, the wooer and lower values if
the 955 confidence interval are given by:

where:
nj * Uooer 95* Confidence limit

nj_ • Lower 95" confidence

n • Mean number of fibers per grid ooening

S <• Standard deviation (square root of sample estimate
of variance)

V • Number c* grid ooenings



The fiber concentration in VL which corrtsoonds to counting of
fiber Is given by:

Af x
A x V x 1000

Hf • Effective filtration arsa <3f filter membrane in
mir

where:

used for filtration of Houid

A • Total area ex mined in m£

V » Original volume of sample filtered (mL)

R0 » Dilution ratio of original sample

The "»an concentration it .*FL fs obtained by multioTyinq the
number of fibers oer grid openirg by kC. TO obtain the uooer and
loner 95? confidence limits for the concentration (in M*L)
the values %• «"d n^ by kC.

7.3 Estimated Mass Concentration

The mass of each amphibole fiber in microgrjmj is calculated
the relationship:

M » L x W 2 x O x 10"6

where:
M • Mass in micrograros

L - Length in -m

W m Width in v.m

0 » Density of fiber in



For chrysotile, the mass may be calculated usir.g the
for a cylinder:

M • J x L x W2 x D x ID'6

The estimated mass concentration is then giver by:

i = n

Hc > C x / Mi x 10
6

1 « 1

where:

M, » Mass concentration in ;.g/L

C » fiber concentration In MFL, which corresponds to
counting of one fiber

Mj • Mass of the i'th fiber, In micrograms

n • Total number of fibers found 1n k grid openings

The densities to be assumed are as follows:

Chrysotile
Croc idol He
Curmlngtontte
Grunerite
Amos He
Anthoohyllite

Tremolite
ActlnolHe

2.55
3.37
3.28
3.52
3.43
3.00
3.00
3.10

g/cm
g/cm3

3

g/cm3

g/cm3

g/cm
3

g/cm
Unknown Amohibole 3.20

60



7.4 Fiber Length. Width, Mass and Aspect Ratio Distributions

The distributions all approximate to logarithmic-normal, and so the
size range Intervals for calculation of the distribution jpust be
spaced logarithmically. The other characteristics reoulredTor the
choice of size intervals are that they should aKow for a
sufficient number of size classes, *hi1e still retaining a
statistically-valid number of fibers fn each class. Interpretation
Is also facilitated if each size class repeats at decade
Intervals. A ratio from one class to the next of 1.468 satisfies
all of these requirements. The other constraints are that the
length distribution should Include 0.5 urn as one Interval point,
since this is the minimum length to be counted in the method, and
the minimum aspect ratio is by definition 3.0. The resulting size
classes for the various distributions can be seen 1n the examole
show) in Appendix B. The distributions, being approximately
logarithmic-normal, must be plotted using a logarithmic orjinate
scale and a Gaussian abscissa.

7.4.1 Fiber Length Cumulative Number Distribution

This distribution allows the fraction of the total number
of fibers either shorter or longer than a piven length to
be determined. It is calculated using the relationship:

1 » k

z-
x 100

"1
i " 1

where:

Cmrjlative nuirber percentage of fibers
which have lengths less than the upper
bound of the k'th class

Number-of fibers in the rth length class

Total number Of length classes
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7.4.2 Fiber Width Cumulative Number Distribution

Thfs distribution allows the fraction of the total number of
fibers either narrower or wider than a given width to be
determined. It Is calculated in a similar way to that used
in 7.4.1 for the length distribution.

7.4.3 Fiber Length Cumulative Mass Distribution

This distribution allows the fraction of the total mass
Incorporated in fibers either shorter or longer than a given
length to be determined. It is computed using the
relationship:

i > 1

x,oo

where:

C(M)k " Cumulative mass percentage of fibers which
have lengths less than the upper bound of
the k'th class

nj - Number of fibers 1n the i'th length class

1j - Length of the j'th fiber in the i'th
length class

Wj • Width of the j'th fiber 1n the i'th length
J class

N • Total number of length classes

7.4.4 Fiber Aspect Ratio Cumulative Number Distribution

This distribution allows, the fraction of the total nucfcer of
fibers which have aspect ratios either smaller or larger
than a given aspect ratio to be detenrined. It is



calculated in a similar way to that used in 7.4.1 for the
length distribution.

7.4.5 Fiber Mass Cumulitive Number Distribution

This distribution allows the fraction of the total number
of fibers which nave masses either smaller or larger than a
given mass to be determined. It is calculated by placing
the fibers into logarithmically-spaced mass categories,
after which the cumulative frequency distribution is
obtained in a similar way to that used in 7.4.1 for the
length distribution.

7.5 Index of Flbnjsity

It is possible to discriminate between anpnibole asbestos fibers
and amphibole cleavage fragments on the basis of the distribution
of their aspect ratios. The concept of fibrosity In a mineral
embodies a high median aspect ratio, together with a large :pread
of aspect ratios above the median value. A single number can be
used to describe the fibrosity of a mineral fiber dispersion, and
in many cases the value can be used to state if the material is or
Is not asbestos. The fibrosity index can be defined thus:

F .

where ft is the median ot the aspect ratio distribution and g is the
geometric standard deviation of the aspect ratio distribution above
the median. The value of g is obtained from thjt portion of the
distribution lying between one and two geometric standard
deviations above the median. Meaningful values of the index of
fibrosity can be obtained for most waterborne fioer oisoersions if

; more than 50 fibers h.ve been measured.

The fibrosity index as defined above has values exceeding 100 for
water-borne dispersions of asbestos. Values below SO indicate «
distribution characteristic of cleavage fragments, or one from
which the hi<jh aspect ratio fibers have been selectively removed.

8. REPORTING

The computer progrjm provided In Appendix B satisfies all of the
reporting requirements for this analytical method, and It is reccur-ended
that this format be used. The size classifications used must be the sane
as those in Appendix B.
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8.1 Before tr.e fiber count data can be processed to give concentrjtion
valu«5, a decision must be siade as to which fiber classifications
are to be considered adeauate as identification of the fiber
species in question. This decision will deoend on ho* much is
known about the particular source from which the samole was •
collected.

For a sample from a completely uncharacterized source* the
following procedure wi11 be used to accumulate the classified
fibers:

a} Confirmed Amph-fbole: AZZQ * AZQ * AZZ
(solutions must include only
amphiboles)

b) Amphibole Best Estimate*: A2ZQ * AZO * AZZ * AZ *
ADQ * AQ

c) Suspected Amphibole: ADX * AX * AO •

d) Confirmed Chrysotile: COO * CD

ej Chrysctile Best Estimate*: COO + CD + CMO * CC

f) Suspected Chrysotile: CM

*NOTE: Best estimate can be reported only if some fibers are also
reported in the confirmed category, otherwise all fiber
classifications must be reported as suspected amohibole or
chrysotile-

6.2 The concentration in MFL, together with 95* confidence intervals,
will be reported for the groupings in Section 8.1 (a) to (f).

8.3 Two significant figures will normally be used for concentrations
greater than 1 MFL, and one significant figure for concentrations
less than 1 MFL.

8.4 For confirmation of chrysotile, a micrograph and a calibrated
diffraction pattern will be provided from a typical fiber. The
identification features in Figure 17 must be visible on the
diffraction pattern.

For confirmation of amphibole, either (1) or (2) or (3) below Tiust
be provided for a typical fiber of each amphibole variety
reported. The data provided must yield solutions which include
only amphibole.

1) A micrograph, a calibrated zone axis SAED pattern, and
an EDXA spectrum together with peak area
and EDXA calibration data;
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2) A micrograph, and two calibrated zone ax>s 5AEC
patterns with a neasurerent of the anqular rotation
between the two oat terns;

-3} A micrograph, two c« i&ratec? zo^e a* is SAcO Patterns
with a measurement of the anq-jrar rotation ^ecween the
two pattern*, and an ED*^ spectrum together with reak
area .measurements and E0XA calibratio.; data.

5.5 Tabulate the length, width and aspect ratio distribution;;.

8.6 Report *:he estimated m«s concentration in yg/L for each of the
groupings 1n Section 3.1 (a) to (f).

8.7 One significant figure will normally be used for reporting mass
concentration.

8.8 Report the concentration in MFL corresponding to one fiber
detected.

8.9 Report the total number of fibers counted in each of the groupings
in Section 8.1 (a) to (f).

8.10 Report the X^ value for each of the groupings in Section 8.1 (a)
to (f).

8.11 Report the nunber of fiber aggregates not included in the fiber
count

8.12 Report any.specia' circumstances ?f observations soch as
aggregation, prejencs of orgjnic materfals, amount of debris,
presence of other fibers and their probable identity '? known.

9. LIMITATIONS OF ACCURACY

9.1 Errors and Limitations of Identification

Complete identification of every chrysotile fiber is not possible,
due to both Instrumental limitations and the nature of some of the
fibers. The requirement for a calibrated SA£0 pattern eliminates
the possibility of an incorrect identification of the fiber
selected. However, there is a possibility of ml$1dentfficat<on of
other chrysotile fibers for which both morphology and SAED pattern
are reported on the basis of visual inspection only. The only
significant possibilities of misidentification occur with
halloysite, vermiculite scrolls or palygorskite, all of which can
be discriminated from chrysotile by the -̂se of cOXA and by
observation of the 0.73 nm (002) reflection of chrysotile in the
5AED pattern.

As in the case of chrysotile fibers, ccmpleta Identification of
every amphibole fiber is not possible due to instrumental

65



limitations and the nature of some of the fibers- Moreover,
completj Identification of every amohibole fiber is usually not
practical due to limitations of both time and cost. Particles of a
number of other minerals having compjsitlons similar to those of
some amphipoles could be erroneously classified as amphlbole when
the classification criteria do not include zone axis SA£0
techniques. However, the requirement for quantitative ED«
measurements on all fibers as sopoort for the random orientation
SAEO technique makes mfsldentificatfon very unlikely, particularly
when other similar fibers in the same samole have been identified
as amphibole by zone axis methods. The possibility of
mlsidentiflcation Is further reduced with increasing aspect ratio,
since many of the minerals with which amphfbole may be confused do
not display its prominent cleavage parallel to the c-axis.

9.2 Obscuration

If large amounts of other materials are present, some asbestos
fibers nay not be observed because of physical overlapping. This
will result in low values for the reported asbestos content.

9.3 Inadequate Dispersion

If the Initial water sample contains organic material which is
incompletely oxidized in the ozone-UV treatment, it win not be
possible to disperse any fibers associated with the organic
material. This may lead to adhesion of some fibers to the
container walls and aliquots taken during filtration will then not
be representative. It may also 1e*4 to a large proportion of fiber
aggregates which are either not transferred during the replication
and filter dissolution step or which cannot be counted during the
sample examination. The result obtained from such an analysis *».!)
be low. The sample will also be Inadequately dispersed if it is
not treated in an ultrasonic bath prior tc filtration, and
therefore instructions regarding this treatment must be followed
closely.

9.4 Contamination

Contamination by introduction of extraneous fibers during the
analysis Is an important source of erroneous results, particularly
for chrysotlle. The possibility of contamination, therefore,
should always be a consideration.

9.5 Freezing

The effect of freezing on asbestos fibers is not known but there is
reason to suspect that fiber breakdown could occur and result in a
higher fiber count than was present in the oriolnal sample.
Therefore, the sample should be transported to the laboratory and
stored under conditions that will avoid freezing.
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10. PRECISION AND

10.1 General

The precision that can be obtained is dependent upon the nynoer o*
fitters counted, and on the uniformity of particulate deposit on the
original filter. If 100 fibers are counted ind the loading is at
least 3.5 fibers/grid souare, computer modeling of the counting
procedure shows that a relative standard deviation of about lOricsn
be expected. As the number of fibers counted decreases, the
precision Hill also decrease ipproxlmately as "N where N is the
number of fibers counted. In actual practice, some degradation
from this precision will be observed. This degradation 1s a
consequence of sample preparation errors, non-unlfomlty of the
filtered participate deposit, and fiber Identification variability
between operators and between Instruments. The 955 confidence
interval about the mean for a single fiber concentration
measurement using this analytical method should be about ±25", when
about 100 fibers are counted over 20 grid ooenings. For these
conditions the precision of the computed mass concentration is
generally lower than the precision for the fiber number
concentration. The precision to be expected for a single
determination of mass concentration is critically dependent on the
fiber width distribution. For a result based on neasurement of a
minimum of about 100 fibers, the 955 confidence Interval about the
mean computed mass concentration may vary between ±25:; and =60*.
If better precision is reoufred for a mass determination, the
alternative counting method described 1r> Section 6.5.5 should oe
used.

10.2 Precision

10.£.1 Jntra-Laboratory Comparison Usfng Environmental Water
Sources

fable 6 shows the results obtained from analysis of 10
replicate samples from each of 8 water sampling locations.
Four of these locations were associated with a source of
chrysotile and four associated with a source of anphibole.
It can be seen that the relative standard deviations of the
number concentrations range between 13*? and 22". The
corresponding relative standard deviations for the mass
concentrations range between 29*i and 69".

10.?.2 Inter-Laboratory Comparison of Filters Prepared using
Standard Dispersions and Environmental Water Sources

Tables 7 and 8 show the fiber counting results obtained
when sectors of filters prepared in the ORF Laboratory were
distributed to six laboratories considered experienced in
asbestos analysis by the identification and counting
techniques incorporated in this manual. The samples as
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TABLE 6. 1HTRA-LABORATORV COMPARISON OF ENVIRONMENTAL UATER SAMPLES
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TABLE 7. IHTER-lAflORATOM ClHPARISON: STANDARD DISPERS1CHS
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TABLE 8. INTER-LABORATORY COMPARISON: ENVIRONMENTAL WATER SAMPLES

Laboratory

I

2

3

4

5

6

Mean Concentration

Standard Deviation

Kelativo Standard Deviation

Fiber Species ttcpurtvd

Sample 4

Con«'..intrAtt on, HFl

Mean

1.71

1.47

2.U

2.50

1.31

1.53
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Into vat
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2.01 - 2,99

0.63 - I. "9

0.62 - 2.44

Nunber of
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27
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3<1

1.77
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?M
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Sample 5

Concentration, HFL

Mean

10.6

5.87

6.10

6.74

5.17

6.27

951 Confidence
Interval

9.06 - 12.1

3.30 - 8.44

4.92 - 7.28

S.22 - 8.26

4.14 - 6.20

0.72 - 11.8

limber of
Fibers

Counted

113

41

76

79

72

78

v 79

1.94
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Chrysotilc



distributed were identified by number only. In ""able 7 it
can be seen that the r-latlve standard deviations for tne
six results on eacn of the standard dispersion fitters 3{c
rot exceed 275. In Table 8, the environmental water
sources used to prepare the filter samnles contained
similar types of susoended material? as those usec to
generate the intrvlaooratory results in Table 6. The
relative standard deviations do not exceed 29';. which
appears higher than the values obtained for the
intra-laboratory results. However, when the 6
inter-laboratory results are compared with the 10
intra-laboratory values, there is no statistically
significant difference to indicate that there has been jny
degradation of precision.

10.3 Accuracy

10.3.1 Intra- and Inter-Laboratory Comparison of Standard
Dispersions of Asbestos Fibers

Tables 9 and 10 show the results obtained between two
laboratories when stable aqueous fiber dispersions of known
mass concentrations were analyzed. The fiber
concentrations reported displayed no significant difference
between values frcn the two laboratories. The relative
standard deviation of the mean fiber concentration was 17'.
for cftrysotile and IS" 'or croclaolite. The corresooncing
relative standard deviations 'or the nass Concentration
were 16^ for chrysotil". and 37"; for croc'co^ite. T*«
higher variability for crocidollte *s a consecuence of the
lew statistical reliability of the "arge diameter
counts. The computed mean mass concentrjtfcn for
chrysotile wjs about 461 higher than »fce <r»cwn <nass
concentration. This "iay be a conseouence o* the
of diameter measurement for single chrysotile florils sr
the assumption of the bulk value for the censity. T*e
computed mean value for nass concentration for the
crocfdolite samole was 67.4 --.q/L, which is ve»-y close to
the known concentration of 50 -.g/L.
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TABLE 9. INTER. AND INTKA-LAUORATORV COMPARISON: OIRVSOTILE

ANALYSIS Or REPLICATES OF A 1120 ng/L CIIKYSOTUE FIBER DISPERSION

Laboratory

I

2

Sample

1C

2C

3C

4C

5C

Heart Concentration

Standard Deviation

Relative Standard
Deviation

Fiber Concentration. HFl

Mean
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166 - 2?6
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Number of
Fibers Counted
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147
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TABU 10. 1HUR- AND IhfRA-tAQOftATORV COMPARISON: CROC IDOL I T£

AHAUSIS OF REPUCAHS OF A 50 ng/L CROC IOOLITE FIBER DISPERSION
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THIS DATA CURRENT AS OF THE FEDERAL REGISTER DATED MARCH 26,2002

40 CFR - CHAPTER I - PART 763

View Part

Appendix A to Subpart E - Interim Transmission Electron Microscopy Analytical
Methods - Mandatory and Nonmandatory - and Mandatory Section to Determine

Completion of Response Actions

I. Introduction

The following appendix contains three units. The first unit is the mandatory transmission electron
microscopy (TEM) method which all laboratories must follow; it is the minimum requirement for
analysis of air samples for asbestos by TEM. The mandatory method contains the essential elements of
the TEM method. The second unit contains the complete non-mandatory method. The non-mandatory
method supplements the mandatory method by including additional steps to improve the analysis. EPA
recommends that the non-mandatory method be employed for analyzing air filters; however, the
laboratory may choose to employ the mandatory method. The non-mandatory method contains the same
minimum requirements as are outlined in the mandatory method. Hence, laboratories may choose either
of the two methods for analyzing air samples by TEM.

The final unit of this Appendix A to subpart E defines the steps which must be taken to determine
completion of response actions. This unit is mandatory.

II. Mandatory Transmission Electron Microscopy Method

A. Definitions of Terms

1. Analytical sensitivity -- Airborne asbestos concentration represented by each fiber counted under the

http^/ecfr.access.gpo.gov/otcgi/c(r/otfilte...04321&RGN=BAPPCT&SUBSET=SUBSET&FROM=1&ITEM=1 (1 of 54) [3/28/2002 3:26:40 PMJ
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electron microscope. It is determined by the air volume collected and the proportion of the filter
examined. This method requires that the analytical sensitivity be no greater than 0.005 structures/cm 3.

2. Asbestiform -- A specific type of mineral fibrosity in which the fibers and fibrils possess high tensile
strength and flexibility.

3. Aspect ratio — A ratio of the length to the width of a particle. Minimum aspect ratio as defined by this
method is equal to or greater than 5:1.

4. Bundle -- A structure composed of three or more fibers in a parallel arrangement with each fiber closer
than one fiber diameter.

5. Clean area -- A controlled environment which is maintained and monitored to assure a low probability
of asbestos contamination to materials in that space. Clean areas used in this method have HEPA filtered
air under positive pressure and are capable of sustained operation with an open laboratory blank which
on subsequent analysis has an average of less than 18 structures/mm 2 in an area of 0.057 mm 2
(nominally 10 200-mesh grid openings) and a maximum of 53 structures/mm 2 for any single preparation
for that same area.

6. Cluster — A structure with fibers in a random arrangement such that all fibers are intermixed and no
single fiber is isolated from the group. Groupings must have more than two intersections.

7. ED - Electron diffraction.

8. EDXA — Energy dispersive X-ray analysis.

9. Fiber -- A structure greater than or equal to 0.5 »m in length with an aspect ratio (length to width) of
5:1 or greater and having substantially parallel sides.

10. Grid -- An open structure for mounting on the sample to aid in its examination in the TEM. The term
is used here to denote a 200-mesh copper lattice approximately 3 mm in diameter.

11. Intersection -- Nonparallel touching or crossing of fibers, with the projection having an aspect ratio
of 5:1 or greater.

12. Laboratory sample coordinator — That person responsible for the conduct of sample handling and the
certification of the testing procedures.

13. Filter background level — The concentration of structures per square millimeter of filter that is
considered indistinguishable from the concentration measured on a blank (filters through which no air
has been drawn). For this method the filter background level is defined as 70 structures/mm 2.
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14. Matrix -- Fiber or fibers with one end free and the other end embedded in or hidden by a particulate.
The exposed fiber must meet the fiber definition.

15. NSD - No structure detected.

16. Operator — A person responsible for the TEM instrumental analysis of the sample.

17. PCM — Phase contrast microscopy.

18. SAED — Selected area electron diffraction.

19. SEM - Scanning electron microscope.

20. STEM — Scanning transmission electron microscope.

21. Structure — a microscopic bundle, cluster, fiber, or matrix which may contain asbestos.

22. S/cm 3 - Structures per cubic centimeter.

23. S/mm 2 -- Structures per square millimeter.

24. TEM — Transmission electron microscope. B. Sampling

1. The sampling agency must have written quality control procedures and documents which verify
compliance.

2. Sampling operations must be performed by qualified individuals completely independent of the
abatement contractor to avoid possible conflict of interest (References 1, 2, 3, and 5 of Unit ILL).

3. Sampling for airborne asbestos following an abatement action must use commercially available
cassettes.

4. Prescreen the loaded cassette collection filters to assure that they do not contain concentrations of
asbestos which may interfere with the analysis of the sample. A filter blank average of less than 18 s/mm
2 in an area of 0.057 mm 2 (nominally 10 200-mesh grid openings) and a single preparation with a
maximum of 53 s/mm 2 for that same area is acceptable for this method.

5. Use sample collection filters which are either polycarbonate having a pore size less than or equal to 0.4
•m or mixed cellulose ester having a pore size less than or equal to 0.45 »m.

6. Place these filters in series with a 5.0 »m backup filter (to serve as a diffuser) and a support pad. See
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the following Figure 1:

FIGURE I--5AMPLING CASSETTE CONFIGURATION
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7. Reloading of used cassettes is not permitted.

8. Orient the cassette downward at approximately 45 degrees from the horizontal.

9. Maintain a log of all pertinent sampling information.
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10. Calibrate sampling pumps and their flow indicators over the range of their intended use with a
recognized standard. Assemble the sampling system with a representative filter (not the filter which will
be used in sampling) before and after the sampling operation.

11. Record all calibration information.

12. Ensure that the mechanical vibrations from the pump will be minimized to prevent transferral of
vibration to the cassette.

13. Ensure that a continuous smooth flow of negative pressure is delivered by the pump by damping out
any pump action fluctuations if necessary.

14. The final plastic barrier around the abatement area remains in place for the sampling period.

15. After the area has passed a thorough visual inspection, use aggressive sampling conditions to
dislodge any remaining dust. (See suggested protocol in Unit in.B.7.d.)

16. Select an appropriate flow rate equal to or greater than 1 liter per minute (L/min) or less than 10
L/min for 25 mm cassettes. Larger filters may be operated at proportionally higher flow rates.

17. A minimum of 13 samples are to be collected for each testing site consisting of the following:

a. A minimum of five samples per abatement area.

b. A minimum of five samples per ambient area positioned at locations representative of the air entering
the abatement site.

c. Two field blanks are to be taken by removing the cap for not more than 30 seconds and replacing it at
the time of sampling before sampling is initiated at the following places:

i. Near the entrance to each abatement area.

ii. At one of the ambient sites. (DO NOT leave the field blanks open during the sampling period.)

d. A sealed blank is to be carried with each sample set. This representative cassette is not to be opened in
the field.

18. Perform a leak check of the sampling system at each indoor and outdoor sampling site by activating
the pump with the closed sampling cassette in line. Any flow indicates a leak which must be eliminated
before initiating the sampling operation.
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19. The following Table I specifies volume ranges to be used:
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20. Ensure that the sampler is turned upright before interrupting the pump flow.

21. Check that all samples are clearly labeled and that all pertinent information has been enclosed before
transfer of the samples to the laboratory.

22. Ensure that the samples are stored in a secure and representative location.

23. Do not change containers if portions of these filters are taken for other purposes.

24. A summary of Sample Data Quality Objectives is shown in the following Table II:
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C. Sample Shipment

Ship bulk samples to the analytical laboratory in a separate container from air samples. D. Sample
Receiving

1. Designate one individual as sample coordinator at the laboratory. While that individual will normally
be available to receive samples, the coordinator may train and supervise others in receiving procedures
for those times when he/she is not available.

2. Bulk samples and air samples delivered to the analytical laboratory in the same container shall be
rejected. E. Sample Preparation

1. All sample preparation and analysis shall be performed by a laboratory independent of the abatement
contractor.

2. Wet-wipe the exterior of the cassettes to minimize contamination possibilities before taking them into
the clean room facility.

3. Perform sample preparation in a well-equipped clean facility.

>Note: The clean area is required to have the following minimum characteristics. The area or hood must
be capable of maintaining a positive pressure with make-up air being HEPA-filtered. The cumulative
analytical blank concentration must average less than 18 s/mm 2 in an area of 0.057 mm 2 (nominally 10
200-mesh grid openings) and a single preparation with a maximum of 53 s/mm 2 for that same area.

4. Preparation areas for air samples must not only be separated from preparation areas for bulk samples,
but they must be prepared in separate rooms.

5. Direct preparation techniques are required. The object is to produce an intact film containing the
particulates of the filter surface which is sufficiently clear for TEM analysis.

a. TEM Grid Opening Area measurement must be done as follows: :
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i. The filter portion being used for sample preparation must have the surface collapsed using an acetone
vapor technique.

ii. Measure 20 grid openings on each of 20 random 200-mesh copper grids by placing a grid on a glass
and examining it under the PCM. Use a calibrated graticule to measure the average field diameters. From
the data, calculate the field area for an average grid opening.

iii. Measurements can also be made on the TEM at a properly calibrated low magnification or on an
optical microscope at a magnification of approximately 400X by using an eyepiece fitted with a scale
that has been calibrated against a stage micrometer. Optical microscopy utilizing manual or automated
procedures may be used providing instrument calibration can be verified.

b. TEM specimen preparation from polycarbonate (PC) filters. Procedures as described in Unit in.G. or
other equivalent methods may be used.

c. TEM specimen preparation from mixed cellulose ester (MCE) filters.

i. Filter portion being used for sample preparation must have the surface collapsed using an acetone
vapor technique or the Burdette procedure (Ref. 7 of Unit II.J.)

ii. Plasma etching of the collapsed filter is required. The microscope slide to which the collapsed filter
pieces are attached is placed in a plasma asher. Because plasma ashers vary greatly in their performance,
both from unit to unit and between different positions in the asher chamber, it is difficult to specify the
conditions that should be used. Insufficient etching will result in a failure to expose embedded filters, and
too much etching may result in loss of particulate from the surface. As an interim measure, it is
recommended that the time for ashing of a known weight of a collapsed filter be established and that the
etching rate be calculated in terms of micrometers per second. The actual etching time used for the
particulate asher and operating conditions will then be set such that a 1-2 »m (10 percent) layer of
collapsed surface will be removed.

iii. Procedures as described in Unit HI. or other equivalent methods may be used to prepare samples. F.
TEM Method

1. An 80-120 kV TEM capable of performing electron diffraction with a fluorescent screen inscribed
with calibrated gradations is required. If the TEM is equipped with EDXA it must either have a STEM
attachment or be capable of producing a spot less than 250 nm in diameter at crossover. The microscope
shall be calibrated routinely for magnification and camera constant.

2. Determination of Camera Constant and ED Pattern Analysis. The camera length of the TEM in ED
operating mode must be calibrated before ED patterns on unknown samples are observed. This can be
achieved by using a carbon-coated grid on which a thin film of gold has been sputtered or evaporated. A
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thin film of gold is evaporated on the specimen TEM grid to obtain zone-axis ED patterns superimposed
with a ring pattern from the polycrystalline gold film. In practice, it is desirable to optimize the thickness
of the gold film so that only one or two sharp rings are obtained on the superimposed ED pattern. Thicker
gold film would normally give multiple gold rings, but it will tend to mask weaker diffraction spots from
the unknown fibrous particulate. Since the unknown d-spacings of most interest in asbestos analysis are
those which lie closest to the transmitted beam, multiple gold rings are unnecessary on zone-axis ED
patterns. An average camera constant using multiple gold rings can be determined. The camera constant
is one-half the diameter of the rings times the interplanar spacing of the ring being measured.

3. Magnification Calibration. The magnification calibration must be done at the fluorescent screen. The
TEM must be calibrated at the grid opening magnification (if used) and also at the magnification used for
fiber counting. This is performed with a cross grating replica (e.g., one containing 2,160 lines/mm).
Define a field of view on the fluorescent screen either by markings or physical boundaries. The field of
view must be measurable or previously inscribed with a scale or concentric circles (all scales should be
metric). A logbook must be maintained, and the dates of calibration and the values obtained must be
recorded. The frequency of calibration depends on the past history of the particular microscope. After
any maintenance of the microscope that involved adjustment of the power supplied to the lenses or the
high-voltage system or the mechanical disassembly of the electron optical column apart from filament
exchange, the magnification must be recalibrated. Before the TEM calibration is performed, the analyst
must ensure that the cross grating replica is placed at the same distance from the objective lens as the
specimens are. For instruments that incorporate a eucentric tilting specimen stage, all specimens and the
cross grating replica must be placed at the eucentric position.

4. While not required on every microscope in the laboratory, the laboratory must have either one
microscope equipped with energy dispersive X-ray analysis or access to an equivalent system on a TEM
in another laboratory.

5. Microscope settings: 80-120 kV, grid assessment 250-1,OOOX, then 15,000-20,OOOX screen
magnification for analysis.

6. Approximately one-half (0.5) of the predetermined sample area to be analyzed shall be performed on
one sample grid preparation and the remaining half on a second sample grid preparation.

7. Individual grid openings with greater than 5 percent openings (holes) or covered with greater than 25
percent particulate matter or obviously having nonuniform loading must not be analyzed.

8. Reject the grid if:

a. Less than 50 percent of the grid openings covered by the replica are intact.

b. The replica is doubled or folded.
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c. The replica is too dark because of incomplete dissolution of the filter.

9. Recording Rules.

a. Any continuous grouping of particles in which an asbestos fiber with an aspect ratio greater than or
equal to 5: 1 and a length greater than or equal to 0.5 «m is detected shall be recorded on the count sheet.
These will be designated asbestos structures and will be classified as fibers, bundles, clusters, or
matrices. Record as individual fibers any contiguous grouping having 0, 1, or 2 definable intersections.
Groupings having more than 2 intersections are to be described as cluster or matrix. An intersection is a
nonparallel touching or crossing of fibers, with the projection having an aspect ratio of 5: 1 or greater. See
the following Figure 2:
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\. Fiber. A structure having a minimum length greater than or equal to 0.5 »m and an aspect ratio (length
to width) of 5:1 or greater and substantially parallel sides. Note the appearance of the end of the fiber,
i.e., whether it is flat, rounded or dovetailed.

ii. Bundle. A structure composed of three or more fibers in a parallel arrangement with each fiber closer
than one fiber diameter.

iii. Cluster. A structure with fibers in a random arrangement such that all fibers are intermixed and no
single fiber is isolated from the group. Groupings must have more than two intersections.

http://ecfr.access.gpo.gov/otcgi/cfr/otfilte...04321&RGN=BAPPCT&SUBSET=SUBSET&FROM=1&ITEM=1 (11 of 54) [3/28/2002 3:26:40 PM]



Code of Federal Regulations Search Results

iv. Matrix. Fiber or fibers with one end free and the other end embedded in or hidden by a participate.
The exposed fiber must meet the fiber definition.

b. Separate categories will be maintained for fibers less than 5 »m and for fibers equal to or greater than 5
•m in length.

c. Record NSD when no structures are detected in the field.

d. Visual identification of electron diffraction (ED) patterns is required for each asbestos structure
counted which would cause the analysis to exceed the 70 s/mm 2 concentration. (Generally this means
the first four fibers identified as asbestos must exhibit an identifiable diffraction pattern for chrysotile or
amphibole.)

e. The micrograph number of the recorded diffraction patterns must be reported to the client and
maintained in the laboratory's quality assurance records. In the event that examination of the pattern by a
qualified individual indicates that the pattern has been misidentified visually, the client shall be
contacted.

f. Energy Dispersive X-ray Analysis (EDXA) is required of all amphiboles which would cause the
analysis results to exceed the 70 s/mm 2 concentration. (Generally speaking, the first 4 amphiboles
would require EDXA.)

g. If the number of fibers in the nonasbestos class would cause the analysis to exceed the 70 s/mm 2
concentration, the fact that they are not asbestos must be confirmed by EDXA or measurement of a zone
axis diffraction pattern.

h. Fibers classified as chrysotile must be identified by diffraction or X-ray analysis and recorded on a
count sheet. X-ray analysis alone can be used only after 70 s/mm 2 have been exceeded for a particular
sample.

i. Fibers classified as amphiboles must be identified by X-ray analysis and electron diffraction and
recorded on the count sheet. (X-ray analysis alone can be used only after 70 s/mm 2 have been exceeded
for a particular sample.)

j. If a diffraction pattern was recorded on film, record the micrograph number on the count sheet,

k. If an electron diffraction was attempted but no pattern was observed, record N on the count sheet.

1. If an EDXA spectrum was attempted but not observed, record N on the count sheet,

m. If an X-ray analysis spectrum is stored, record the file and disk number on the count sheet.
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10. Classification Rules.

a. Fiber. A structure having a minimum length greater than or equal to 0.5 »m and an aspect ratio (length
to width) of 5:1 or greater and substantially parallel sides. Note the appearance of the end of the fiber,
i.e., whether it is flat, rounded or dovetailed.

b. Bundle. A structure composed of three or more fibers in a parallel arrangement with each fiber closer
than one fiber diameter.

c. Cluster. A structure with fibers in a random arrangement such that all fibers are intermixed and no
single fiber is isolated from the group. Groupings must have more than two intersections.

d. Matrix. Fiber or fibers with one end free and the other end embedded in or hidden by a paniculate. The
exposed fiber must meet the fiber definition.

11. After finishing with a grid, remove it from the microscope, and replace it in the appropriate grid
holder. Sample grids must be stored for a minimum of 1 year from the date of the analysis; the sample
cassette must be retained for a minimum of 30 days by the laboratory or returned at the client's request.
G. Sample Analytical Sequence

1. Under the present sampling requirements a minimum of 13 samples is to be collected for the clearance
testing of an abatement site. These include five abatement area samples, five ambient samples, two field
blanks, and one sealed blank.

2. Carry out visual inspection of work site prior to air monitoring.

3. Collect a minimum of 5 air samples inside the work site and 5 samples outside the work site. The
indoor and outdoor samples shall be taken during the same time period.

4. Remaining steps in the analytical sequence are contained in Unit IV of this Appendix. H. Reporting

1. The following information must be reported to the client for each sample analyzed:

a. Concentration in structures per square millimeter and structures per cubic centimeter.

b. Analytical sensitivity used for the analysis.

c. Number of asbestos structures.

d. Area analyzed.
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e. Volume of air sampled (which must be initially supplied to lab by client).

f. Copy of the count sheet must be included with the report.

g. Signature of laboratory official to indicate that the laboratory met specifications of the method,

h. Report form must contain official laboratory identification (e.g., letterhead).

i. Type of asbestos. I. Quality Control/Quality Assurance Procedures (Data Quality Indicators)

Monitoring the environment for airborne asbestos requires the use of sensitive sampling and analysis
procedures. Because the test is sensitive, it may be influenced by a variety of factors. These include the
supplies used in the sampling operation, the performance of the sampling, the preparation of the grid
from the filter and the actual examination of this grid in the microscope. Each of these unit operations
must produce a product of defined quality if the analytical result is to be a reliable and meaningful test
result. Accordingly, a series of control checks and reference standards are to be performed along with the
sample analysis as indicators that the materials used are adequate and the operations are within
acceptable limits. In this way, the quality of the data is defined and the results are of known value. These
checks and tests also provide timely and specific warning of any problems which might develop within
the sampling and analysis operations. A description of these quality control/quality assurance procedures
is summarized in the following Table IH:
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1. When the samples arrive at the laboratory, check the samples and documentation for completeness and
requirements before initiating the analysis.

2. Check all laboratory reagents and supplies for acceptable asbestos background levels.

3. Conduct all sample preparation in a clean room environment monitored by laboratory blanks. Testing
with blanks must also be done after cleaning or servicing the room.

4. Prepare multiple grids of each sample.

5. Provide laboratory blanks with each sample batch. Maintain a cumulative average of these results. If
there are more than 53 fibers/mm 2 per 10 200-mesh grid openings, the system must be checked for
possible sources of contamination.

6. Perform a system check on the transmission electron microscope daily.

7. Make periodic performance checks of magnification, electron diffraction and energy dispersive X-ray
systems as set forth in Table III under Unit ILL
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8. Ensure qualified operator performance by evaluation of replicate analysis and standard sample
comparisons as set forth in Table HI under Unit ILL

9. Validate all data entries.

10. Recalculate a percentage of all computations and automatic data reduction steps as specified in Table
IE under Unit ILL

11. Record an electron diffraction pattern of one asbestos structure from every five samples that contain
asbestos. Verify the identification of the pattern by measurement or comparison of the pattern with
patterns collected from standards under the same conditions. The records must also demonstrate that the
identification of the pattern has been verified by a qualified individual and that the operator who made
the identification is maintaining at least an 80 percent correct visual identification based on his measured
patterns.

12. Appropriate logs or records must be maintained by the analytical laboratory verifying that it is in
compliance with the mandatory quality assurance procedures. J. References

For additional background information on this method, the following references should be consulted.

1. "Guidance for Controlling Asbestos-Containing Materials in Buildings," EPA 560/5-85-024, June
1985.

2. "Measuring Airborne Asbestos Following an Abatement Action," USEPA, Office of Pollution
Prevention and Toxics, EPA 600/4-85-049, 1985.

3. Small, John and E. Steel. Asbestos Standards: Materials and Analytical Methods. N.B.S. Special
Publication 619, 1982.

4. Campbell, W.J., R.L. Blake, L.L. Brown, E.E. Gather, and J.J. Sjoberg. Selected Silicate Minerals and
Their Asbestiform Varieties. Information Circular 8751, U.S. Bureau of Mines, 1977.

5. Quality Assurance Handbook for Air Pollution Measurement System. Ambient Air Methods, EPA
600/4-77-027a, USEPA, Office of Research and Development, 1977.

6. Method 2A: Direct Measurement of Gas Volume through Pipes and Small Ducts. 40 CFR Part 60
Appendix A.

7. Burdette, G.J., Health & Safety Exec. Research & Lab. Services Div., London, "Proposed Analytical
Method for Determination of Asbestos in Air."
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8. Chatfield, E.J., Chatfield Tech. Cons., Ltd., Clark, T., PEI Assoc., "Standard Operating Procedure for
Determination of Airborne Asbestos Fibers by Transmission Electron Microscopy Using Polycarbonate
Membrane Filters," WERL SOP 87-1, March 5,1987.

9. NIOSH Method 7402 for Asbestos Fibers, 12-11 -86 Draft.

10. Yamate, G., Agarwall, S.C., Gibbons, R.D., IIT Research Institute, "Methodology for the
Measurement of Airborne Asbestos by Electron Microscopy," Draft report, USEPA Contract 68-02-
3266, July 1984.

11. "Guidance to the Preparation of Quality Assurance Project Plans," USEPA, Office of Pollution
Prevention and Toxics, 1984.

III. Nonmandatory Transmission Electron Microscopy Method

A. Definitions of Terms

1. Analytical sensitivity — Airborne asbestos concentration represented by each fiber counted under the
electron microscope. It is determined by the air volume collected and the proportion of the filter
examined. This method requires that the analytical sensitivity be no greater than 0.005 s/cm 3.

2. Asbestiform — A specific type of mineral fibrosity in which the fibers and fibrils possess high tensile
strength and flexibility.

3. Aspect ratio — A ratio of the length to the width of a particle. Minimum aspect ratio as defined by this
method is equal to or greater than 5:1.

4. Bundle -- A structure composed of three or more fibers in a parallel arrangement with each fiber closer
than one fiber diameter.

5. Clean area -- A controlled environment which is maintained and monitored to assure a low probability
of asbestos contamination to materials in that space. Clean areas used in this method have HEPA filtered
air under positive pressure and are capable of sustained operation with an open laboratory blank which
on subsequent analysis has an average of less than 18 structures/mm 2 in an area of 0.057 mm 2
(nominally 10 200 mesh grid openings) and a maximum of 53 structures/mm 2 for no more than one
single preparation for that same area.

6. Cluster -- A structure with fibers in a random arrangement such that all fibers are intermixed and no
single fiber is isolated from the group. Groupings must have more than two intersections.

7. ED - Electron diffraction.
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8. EDXA — Energy dispersive X-ray analysis.

9. Fiber — A structure greater than or equal to 0.5 »m in length with an aspect ratio (length to width) of
5:1 or greater and having substantially parallel sides.

10. Grid - An open structure for mounting on the sample to aid in its examination in the TEM. The term
is used here to denote a 200-mesh copper lattice approximately 3 mm in diameter.

11. Intersection - Nonparallel touching or crossing of fibers, with the projection having an aspect ratio
of 5:1 or greater.

12. Laboratory sample coordinator — That person responsible for the conduct of sample handling and the
certification of the testing procedures.

13. Filter background level — The concentration of structures per square millimeter of filter that is
considered indistinguishable from the concentration measured on blanks (filters through which no air has
been drawn). For this method the filter background level is defined as 70 structures/mm 2.

14. Matrix - Fiber or fibers with one end free and the other end embedded in or hidden by a particulate.
The exposed fiber must meet the fiber definition.

15. NSD - No structure detected.

16. Operator — A person responsible for the TEM instrumental analysis of the sample.

17. PCM — Phase contrast microscopy.

18. SAED — Selected area electron diffraction.

19. SEM — Scanning electron microscope.

20. STEM — Scanning transmission electron microscope.

21. Structure -- a microscopic bundle, cluster, fiber, or matrix which may contain asbestos.

22. S/cm 3 — Structures per cubic centimeter.

23. S/mm 2 — Structures per square millimeter.

24. TEM — Transmission electron microscope. B. Sampling
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1. Sampling operations must be performed by qualified individuals completely independent of the
abatement contractor to avoid possible conflict of interest (See References 1, 2, and 5 of Unit HLL.)
Special precautions should be taken to avoid contamination of the sample. For example, materials that
have not been prescreened for their asbestos background content should not be used; also, sample
handling procedures which do not take cross contamination possibilities into account should not be used.

2. Material and supply checks for asbestos contamination should be made on all critical supplies,
reagents, and procedures before their use in a monitoring study.

3. Quality control and quality assurance steps are needed to identify problem areas and isolate the cause
of the contamination (see Reference 5 of Unit III.L.). Control checks shall be permanently recorded to
document the quality of the information produced. The sampling firm must have written quality control
procedures and documents which verify compliance. Independent audits by a qualified consultant or firm
should be performed once a year. All documentation of compliance should be retained indefinitely to
provide a guarantee of quality. A summary of Sample Data Quality Objectives is shown in Table II of
UnitH.B.

4. Sampling materials.

a. Sample for airborne asbestos following an abatement action using commercially available cassettes.

b. Use either a cowling or a filter-retaining middle piece. Conductive material may reduce the potential
for particulates to adhere to the walls of the cowl.

c. Cassettes must be verified as "clean" prior to use in the field. If packaged filters are used for loading or
preloaded cassettes are purchased from the manufacturer or a distributor, the manufacturer's name and lot
number should be entered on all field data sheets provided to the laboratory, and are required to be listed
on all reports from the laboratory.

d. Assemble the cassettes in a clean facility (See definition of clean area under Unit ULA.).

e. Reloading of used cassettes is not permitted.

f. Use sample collection filters which are either polycarbonate having a pore size of less than or equal to
0.4 »m or mixed cellulose ester having a pore size of less than or equal to 0.45 »m.

g. Place these filters in series with a backup filter with a pore size of 5.0 »m (to serve as a diffuser) and a
support pad. See the following Figure 1:
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h. When polycarbonate filters are used, position the highly reflective face such that the incoming
paniculate is received on this surface.

i. Seal the cassettes to prevent leakage around the filter edges or between cassette part joints. A
mechanical press may be useful to achieve a reproducible leak-free seal. Shrink fit gel-bands may be
used for this purpose and are available from filter manufacturers and their authorized distributors.
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j. Use wrinkle-free loaded cassettes in the sampling operation.

5. Pump setup.

a. Calibrate the sampling pump over the range of flow rates and loads anticipated for the monitoring
period with this flow measuring device in series. Perform this calibration using guidance from EPA
Method 2A each time the unit is sent to the field (See Reference 6 of Unit ELL.).

b. Configure the sampling system to preclude pump vibrations from being transmitted to the cassette by
using a sampling stand separate from the pump station and making connections with flexible tubing.

c. Maintain continuous smooth flow conditions by damping out any pump action fluctuations if
necessary.

d. Check the sampling system for leaks with the end cap still in place and the pump operating before
initiating sample collection. Trace and stop the source of any flow indicated by the flowmeter under
these conditions.

e. Select an appropriate flow rate equal to or greater than 1 L/min or less than 10 L/rnin for 25 mm
cassettes. Larger filters may be operated at proportionally higher flow rates.

f. Orient the cassette downward at approximately 45 degrees from the horizontal.

g. Maintain a log of all pertinent sampling information, such as pump identification number, calibration
data, sample location, date, sample identification number, flow rates at the beginning, middle, and end,
start and stop times, and other useful information or comments. Use of a sampling log form is
recommended. See the following Figure 2:
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h. Initiate a chain of custody procedure at the start of each sampling, if this is requested by the client,

i. Maintain a close check of all aspects of the sampling operation on a regular basis.

j. Continue sampling until at least the minimum volume is collected, as specified in the following Table
I:
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k. At the conclusion of sampling, turn the cassette upward before stopping the flow to minimize possible
particle loss. If the sampling is resumed, restart the flow before reorienting the cassette downward. Note
the condition of the filter at the conclusion of sampling.

I. Double check to see that all information has been recorded on the data collection forms and that the
cassette is securely closed and appropriately identified using a waterproof label. Protect cassettes in
individual clean resealed polyethylene bags. Bags are to be used for storing cassette caps when they are
removed for sampling purposes. Caps and plugs should only be removed or replaced using clean hands
or clean disposable plastic gloves.

m. Do not change containers if portions of these filters are taken for other purposes.

6. Minimum sample number per site. A minimum of 13 samples are to be collected for each testing
consisting of the following:

a. A minimum of five samples per abatement area.
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b. A minimum of five samples per ambient area positioned at locations representative of the air entering
the abatement site.

c. Two field blanks are to be taken by removing the cap for not more than 30 sec and replacing it at the
time of sampling before sampling is initiated at the following places:

i. Near the entrance to each ambient area.

ii. At one of the ambient sites.

(Note: Do not leave the blank open during the sampling period.)

d. A sealed blank is to be carried with each sample set. This representative cassette is not to be opened in
the field.

7. Abatement area sampling.

a. Conduct final clearance sampling only after the primary containment barriers have been removed; the
abatement area has been thoroughly dried; and, it has passed visual inspection tests by qualified
personnel. (See Reference 1 of Unit m.L.)

b. Containment barriers over windows, doors, and air passageways must remain in place until the TEM
clearance sampling and analysis is completed and results meet clearance test criteria. The final plastic
barrier remains in place for the sampling period.

c. Select sampling sites in the abatement area on a random basis to provide unbiased and representative
samples.

d. After the area has passed a thorough visual inspection, use aggressive sampling conditions to dislodge
any remaining dust.

i. Equipment used in aggressive sampling such as a leaf blower and/or fan should be properly cleaned
and decontaminated before use.

ii. Air filtration units shall remain on during the air monitoring period.

iii. Prior to air monitoring, floors, ceiling and walls shall be swept with the exhaust of a minimum one (1)
horsepower leaf blower.

iv. Stationary fans are placed in locations which will not interfere with air monitoring equipment. Fan air
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is directed toward the ceiling. One fan shall be used for each 10,000 ft 3 of worksite.

v. Monitoring of an abatement work area with high-volume pumps and the use of circulating fans will
require electrical power. Electrical outlets in the abatement area may be used if available. If no such
outlets are available, the equipment must be supplied with electricity by the use of extension cords and
strip plug units. All electrical power supply equipment of this type must be approved Underwriter
Laboratory equipment that has not been modified. All wiring must be grounded. Ground fault
interrupters should be used. Extreme care must be taken to clean up any residual water and ensure that
electrical equipment does not become wet while operational.

vi. Low volume pumps may be carefully wrapped in 6-mil polyethylene to insulate the pump from the
air. High volume pumps cannot be sealed in this manner since the heat of the motor may melt the plastic.
The pump exhausts should be kept free.

vii. If recleaning is necessary, removal of this equipment from the work area must be handled with care.
It is not possible to completely decontaminate the pump motor and parts since these areas cannot be
wetted. To minimize any problems in this area, all equipment such as fans and pumps should be carefully
wet wiped prior to removal from the abatement area. Wrapping and sealing low volume pumps in 6-mil
polyethylene will provide easier decontamination of this equipment. Use of clean water and disposable
wipes should be available for this purpose.

e. Pump flow rate equal to or greater than 1 L/min or less than 10 L/min may be used for 25 mm
cassettes. The larger cassette diameters may have comparably increased flow.

f. Sample a volume of air sufficient to ensure the minimum quantitation limits. (See Table I of Unit
in.B.S.j.)

8. Ambient sampling.

a. Position ambient samplers at locations representative of the air entering the abatement site. If makeup
air entering the abatement site is drawn from another area of the building which is outside of the
abatement area, place the pumps in the building, pumps should be placed out of doors located near the
building and away from any obstructions that may influence wind patterns. If construction is in progress
immediately outside the enclosure, it may be necessary to select another ambient site. Samples should be
representative of any air entering the work site.

b. Locate the ambient samplers at least 3 ft apart and protect them from adverse weather conditions.

c. Sample same volume of air as samples taken inside the abatement site. C. Sample Shipment

1. Ship bulk samples in a separate container from air samples. Bulk samples and air samples delivered to
the analytical laboratory in the same container shall be rejected.
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2. Select a rigid shipping container and pack the cassettes upright in a noncontaminating nonfibrous
medium such as a bubble pack. The use of resealable polyethylene bags may help to prevent jostling of
individual cassettes.

3. Avoid using expanded polystyrene because of its static charge potential. Also avoid using particle-
based packaging materials because of possible contamination.

4. Include a shipping bill and a detailed listing of samples shipped, their descriptions and all identifying
numbers or marks, sampling data, shipper's name, and contact information. For each sample set,
designate which are the ambient samples, which are the abatement area samples, which are the field
blanks, and which is the sealed blank if sequential analysis is to be performed.

5. Hand-carry samples to the laboratory in an upright position if possible; otherwise choose that mode of
transportation least likely to jar the samples in transit.

6. Address the package to the laboratory sample coordinator by name when known and alert him or her
of the package description, shipment mode, and anticipated arrival as part of the chain of custody and
sample tracking procedures. This will also help the laboratory schedule timely analysis for the samples
when they are received. D. Quality Control/Quality Assurance Procedures (Data Quality Indicators)

Monitoring the environment for airborne asbestos requires the use of sensitive sampling and analysis
procedures. Because the test is sensitive, it may be influenced by a variety of factors. These include the
supplies used in the sampling operation, the performance of the sampling, the preparation of the grid
from the filter and the actual examination of this grid in the microscope. Each of these unit operations
must produce a product of defined quality if the analytical result is to be a reliable and meaningful test
result. Accordingly, a series of control checks and reference standards is performed along with the
sample analysis as indicators that the materials used are adequate and the operations are within
acceptable limits. In this way, the quality of the data is defined, and the results are of known value. These
checks and tests also provide timely and specific warning of any problems which might develop within
the sampling and analysis operations. A description of these quality control/quality assurance procedures
is summarized in the text below.

1. Prescreen the loaded cassette collection filters to assure that they do not contain concentrations of
asbestos which may interfere with the analysis of the sample. A filter blank average of less than 18 s/mm
2 in an area of 0.057 mm 2 (nominally 10 200-mesh grid openings) and a maximum of 53 s/mm 2 for
that same area for any single preparation is acceptable for this method.

2. Calibrate sampling pumps and their flow indicators over the range of their intended use with a
recognized standard. Assemble the sampling system with a representative filter ~ not the filter which will
be used in sampling — before and after the sampling operation.
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3. Record all calibration information with the data to be used on a standard sampling form.

4. Ensure that the samples are stored in a secure and representative location.

5. Ensure that mechanical calibrations from the pump will be minimized to prevent transferral of
vibration to the cassette.

6. Ensure that a continuous smooth flow of negative pressure is delivered by the pump by installing a
damping chamber if necessary.

7. Open a loaded cassette momentarily at one of the indoor sampling sites when sampling is initiated.
This sample will serve as an indoor field blank.

8. Open a loaded cassette momentarily at one of the outdoor sampling sites when sampling is initiated.
This sample will serve as an outdoor field blank.

9. Carry a sealed blank into the field with each sample series. Do not open this cassette in the field.

10. Perform a leak check of the sampling system at each indoor and outdoor sampling site by activating
the pump with the closed sampling cassette in line. Any flow indicates a leak which must be eliminated
before initiating the sampling operation.

11. Ensure that the sampler is turned upright before interrupting the pump flow.

12. Check that all samples are clearly labeled and that all pertinent information has been enclosed before
transfer of the samples to the laboratory. E. Sample Receiving

1. Designate one individual as sample coordinator at the laboratory. While that individual will normally
be available to receive samples, the coordinator may train and supervise others in receiving procedures
for those times when he/she is not available.

2. Adhere to the following procedures to ensure both the continued chain-of-custody and the
accountability of all samples passing through the laboratory:

a. Note the condition of the shipping package and data written on it upon receipt.

b. Retain all bills of lading or shipping slips to document the shipper and delivery time.

c. Examine the chain-of-custody seal, if any, and the package for its integrity.

d. If there has been a break in the seal or substantive damage to the package, the sample coordinator shall
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immediately notify the shipper and a responsible laboratory manager before any action is taken to unpack
the shipment.

e. Packages with significant damage shall be accepted only by the responsible laboratory manager after
discussions with the client.

3. Unwrap the shipment in a clean, uncluttered facility. The sample coordinator or his or her designee
will record the contents, including a description of each item and all identifying numbers or marks. A
Sample Receiving Form to document this information is attached for use when necessary. (See the
following Figure 3.)
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Note: The person breaking the chain-of-custody seal and itemizing the contents assumes responsibility
for the shipment and signs documents accordingly.

4. Assign a laboratory number and schedule an analysis sequence.

5. Manage all chain-of-custody samples within the laboratory such that their integrity can be ensured and
documented. F. Sample Preparation

1. Personnel not affiliated with the Abatement Contractor shall be used to prepare samples and conduct
TEM analysis. Wet-wipe the exterior of the cassettes to minimize contamination possibilities before
taking them to the clean sample preparation facility.

2. Perform sample preparation in a well-equipped clean facility.

Note: The clean area is required to have the following minimum characteristics. The area or hood must
be capable of maintaining a positive pressure with make-up air being HEPA filtered. The cumulative
analytical blank concentration must average less than 18 s/mm 2 in an area of 0.057 s/mm 2 (nominally
10 200-mesh grid openings) with no more than one single preparation to exceed 53 s/mm 2 for that same
area.

3. Preparation areas for air samples must be separated from preparation areas for bulk samples. Personnel
must not prepare air samples if they have previously been preparing bulk samples without performing
appropriate personal hygiene procedures, i.e., clothing change, showering, etc.

4. Preparation. Direct preparation techniques are required. The objective is to produce an intact carbon
film containing the particulates from the filter surface which is sufficiently clear for TEM analysis.
Currently recommended direct preparation procedures for polycarbonate (PC) and mixed cellulose ester
(MCE) filters are described in Unit ni.F.7. and 8. Sample preparation is a subject requiring additional
research. Variation on those steps which do not substantively change the procedure, which improve filter
clearing or which reduce contamination problems in a laboratory are permitted.

a. Use only TEM grids that have had grid opening areas measured according to directions in Unit in.J.

b. Remove the inlet and outlet plugs prior to opening the cassette to minimize any pressure differential
that may be present.

c. Examples of techniques used to prepare polycarbonate filters are described in Unit HLF.7.

d. Examples of techniques used to prepare mixed cellulose ester filters are described in Unit III.F.8.
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e. Prepare multiple grids for each sample.

f. Store the three grids to be measured in appropriately labeled grid holders or polyethylene capsules.

5. Equipment.

a. Clean area.

b. Tweezers. Fine-point tweezers for handling of filters and TEM grids.

c. Scalpel Holder and Curved No. 10 Surgical Blades.

d. Microscope slides.

e. Double-coated adhesive tape.

f. Gummed page reinforcements.

g. Micro-pipet with disposal tips 10 to 100 »L variable volume.

h. Vacuum coating unit with facilities for evaporation of carbon. Use of a liquid nitrogen cold trap above
the diffusion pump will minimize the possibility of contamination of the filter surface by oil from the
pumping system. The vacuum-coating unit can also be used for deposition of a thin film of gold.

i. Carbon rod electrodes. Spectrochemically pure carbon rods are required for use in the vacuum
evaporator for carbon coating of filters.

j. Carbon rod sharpener. This is used to sharpen carbon rods to a neck. The use of necked carbon rods
(or equivalent) allows the carbon to be applied to the filters with a minimum of heating.

k. Low-temperature plasma asher. This is used to etch the surface of collapsed mixed cellulose ester
(MCE) filters. The asher should be supplied with oxygen, and should be modified as necessary to provide
a throttle or bleed valve to control the speed of the vacuum to minimize disturbance of the filter. Some
early models of ashers admit air too rapidly, which may disturb particulates on the surface of the filter
during the etching step.

1. Glass petri dishes, 10 cm in diameter, 1 cm high. For prevention of excessive evaporation of solvent
when these are in use, a good seal must be provided between the base and the lid. The seal can be
improved by grinding the base and lid together with an abrasive grinding material.

m. Stainless steel mesh.
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n. Lens tissue.

o. Copper 200-mesh TEM grids, 3 mm in diameter, or equivalent.

p. Gold 200-mesh TEM grids, 3 mm in diameter, or equivalent.

q. Condensation washer.

r. Carbon-coated, 200-mesh TEM grids, or equivalent.

s. Analytical balance, 0.1 mg sensitivity.

t. Filter paper, 9 cm in diameter.

u. Oven or slide warmer. Must be capable of maintaining a temperature of 65-70 °C.

v. Polyurethane foam, 6 mm thickness.

w. Gold wire for evaporation.

6. Reagents.

a. General. A supply of ultra-clean, fiber-free water must be available for washing of all components
used in the analysis. Water that has been distilled in glass or filtered or deionized water is satisfactory for
this purpose. Reagents must be fiber-free.

b. Polycarbonate preparation method ~ chloroform.

c. Mixed Cellulose Ester (MCE) preparation method — acetone or the Burdette procedure (Ref. 7 of Unit
m.L.).

7. TEM specimen preparation from polycarbonate filters.

a. Specimen preparation laboratory. It is most important to ensure that contamination of TEM specimens
by extraneous asbestos fibers is minimized during preparation.

b. Cleaning of sample cassettes. Upon receipt at the analytical laboratory and before they are taken into
the clean facility or laminar flow hood, the sample cassettes must be cleaned of any contamination
adhering to the outside surfaces.
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c. Preparation of the carbon evaporator. If the polycarbonate filter has already been carbon-coated prior
to receipt, the carbon coating step will be omitted, unless the analyst believes the carbon film is too thin.
If there is a need to apply more carbon, the filter will be treated in the same way as an uncoated filter.
Carbon coating must be performed with a high-vacuum coating unit. Units that are based on evaporation
of carbon filaments in a vacuum generated only by an oil rotary pump have not been evaluated for this
application, and must not be used. The carbon rods should be sharpened by a carbon rod sharpener to
necks of about 4 mm long and 1 mm in diameter. The rods are installed in the evaporator in such a
manner that the points are approximately 10 to 12 cm from the surface of a microscope slide held in the
rotating and tilting device.

d. Selection of filter area for carbon coating. Before preparation of the filters, a 75 mm x 50 mm
microscope slide is washed and dried. This slide is used to support strips of filter during the carbon
evaporation. Two parallel strips of double-sided adhesive tape are applied along the length of the slide.
Polycarbonate filters are easily stretched during handling, and cutting of areas for further preparation
must be performed with great care. The filter and the MCE backing filter are removed together from the
cassette and placed on a cleaned glass microscope slide. The filter can be cut with a curved scalpel blade
by rocking the blade from the point placed in contact with the filter. The process can be repeated to cut a
strip approximately 3 mm wide across the diameter of the filter. The strip of polycarbonate filter is
separated from the corresponding strip of backing filter and carefully placed so that it bridges the gap
between the adhesive tape strips on the microscope slide. The filter strip can be held with fine-point
tweezers and supported underneath by the scalpel blade during placement on the microscope slide. The
analyst can place several such strips on the same microscope slide, taking care to rinse and wet-wipe the
scalpel blade and tweezers before handling a new sample. The filter strips should be identified by etching
the glass slide or marking the slide using a marker insoluble in water and solvents. After the filter strip
has been cut from each filter, the residual parts of the filter must be returned to the cassette and held in
position by reassembly of the cassette. The cassette will then be archived for a period of 30 days or
returned to the client upon request.

e. Carbon coating of filter strips. The glass slide holding the filter strips is placed on the rotation-tilting
device, and the evaporator chamber is evacuated. The evaporation must be performed in very short
bursts, separated by some seconds to allow the electrodes to cool. If evaporation is too rapid, the strips of
polycarbonate filter will begin to curl, which will lead to cross-linking of the surface material and make it
relatively insoluble in chloroform. An experienced analyst can judge the thickness of carbon film to be
applied, and some test should be made first on unused filters. If the film is too thin, large particles will be
lost from the TEM specimen, and there will be few complete and undamaged grid openings on the
specimen. If the coating is too thick, the filter will tend to curl when exposed to chloroform vapor and the
carbon film may not adhere to the support mesh. Too thick a carbon film will also lead to a TEM image
that is lacking in contrast, and the ability to obtain ED patterns will be compromised. The carbon film
should be as thin as possible and remain intact on most of the grid openings of the TEM specimen intact.

f. Preparation of the Jaffe washer. The precise design of the Jaffe washer is not considered important, so
any one of the published designs may be used. A washer consisting of a simple stainless steel bridge is
recommended. Several pieces of lens tissue approximately 1.0 cm x 0.5 cm are placed on the stainless
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steel bridge, and the washer is filled with chloroform to a level where the meniscus contacts the
underside of the mesh, which results in saturation of the lens tissue. See References 8 and 10 of Unit
m.L.

g. Placing of specimens into the Jaffe washer. The TEM grids are first placed on a piece of lens tissue so
that individual grids can be picked up with tweezers. Using a curved scalpel blade, the analyst excises
three 3 mm square pieces of the carbon-coated polycarbonate filter from the filter strip. The three squares
are selected from the center of the strip and from two points between the outer periphery of the active
surface and the center. The piece of filter is placed on a TEM specimen grid with the shiny side of the
TEM grid facing upwards, and the whole assembly is placed boldly onto the saturated lens tissue in the
Jaffe washer. If carbon-coated grids are used, the filter should be placed carbon-coated side down. The
three excised squares of filters are placed on the same piece of lens tissue. Any number of separate pieces
of lens tissue may be placed in the same Jaffe washer. The lid is then placed on the Jaffe washer, and the
system is allowed to stand for several hours, preferably overnight.

h. Condensation washing. It has been found that many polycarbonate filters will not dissolve completely
in the Jaffe washer, even after being exposed to chloroform for as long as 3 days. This problem becomes
more serious if the surface of the filter was overheated during the carbon evaporation. The presence of
undissolved filter medium on the TEM preparation leads to partial or complete obscuration of areas of
the sample, and fibers that may be present in these areas of the specimen will be overlooked; this will
lead to a low result. Undissolved filter medium also compromises the ability to obtain ED patterns.
Before they are counted, TEM grids must be examined critically to determine whether they are
adequately cleared of residual filter medium. It has been found that condensation washing of the grids
after the initial Jaffe washer treatment, with chloroform as the solvent, clears all residual filter medium in
a period of approximately 1 hour. In practice, the piece of lens tissue supporting the specimen grids is
transferred to the cold finger of the condensation washer, and the washer is operated for about 1 hour. If
the specimens are cleared satisfactorily by the Jaffe washer alone, the condensation washer step may be
unnecessary.

8. TEM specimen preparation from MCE filters.

a. This method of preparing TEM specimens from MCE filters is similar to that specified in NIOSH
Method 7402. See References 7, 8, and 9 of Unit JILL.

b. Upon receipt at the analytical laboratory, the sample cassettes must be cleaned of any contamination
adhering to the outside surfaces before entering the clean sample preparation area.

c. Remove a section from any quadrant of the sample and blank filters.

d. Place the section on a clean microscope slide. Affix the filter section to the slide with a gummed paged
reinforcement or other suitable means. Label the slide with a water and solvent-proof marking pen.
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e. Place the slide in a petri dish which contains several paper filters soaked with 2 to 3 mL acetone.
Cover the dish. Wait 2 to 4 minutes for the sample filter to fuse and clear.

f. Plasma etching of the collapsed filter is required.

i. The microscope slide to which the collapsed filter pieces are attached is placed in a plasma asher.
Because plasma ashers vary greatly in their performance, both from unit to unit and between different
positions in the asher chamber, it is difficult to specify the conditions that should be used. This is one
area of the method that requires further evaluation. Insufficient etching will result in a failure to expose
embedded filters, and too much etching may result in loss of particulate from the surface. As an interim
measure, it is recommended that the time for ashing of a known weight of a collapsed filter be
established and that the etching rate be calculated in terms of micrometers per second. The actual etching
time used for a particular asher and operating conditions will then be set such that a 1-2 »m (10 percent)
layer of collapsed surface will be removed.

ii. Place the slide containing the collapsed filters into a low-temperature plasma asher, and etch the filter.

g. Transfer the slide to a rotating stage inside the bell jar of a vacuum evaporator. Evaporate a 1 mm x 5
mm section of graphite rod onto the cleared filter. Remove the slide to a clean, dry, covered petri dish.

h. Prepare a second petri dish as a Jaffe washer with the wicking substrate prepared from filter or lens
paper placed on top of a 6 mm thick disk of clean spongy polyurethane foam. Cut a V-notch on the edge
of the foam and filter paper. Use the V-notch as a reservoir for adding solvent. The wicking substrate
should be thin enough to fit into the petri dish without touching the lid.

i. Place carbon-coated TEM grids face up on the filter or lens paper. Label the grids by marking with a
pencil on the filter paper or by putting registration marks on the petri dish lid and marking with a
waterproof marker on the dish lid. In a fume hood, fill the dish with acetone until the wicking substrate is
saturated. The level of acetone should be just high enough to saturate the filter paper without creating
puddles.

j. Remove about a quarter section of the carbon-coated filter samples from the glass slides using a
surgical knife and tweezers. Carefully place the section of the filter, carbon side down, on the
appropriately labeled grid in the acetone-saturated petri dish. When all filter sections have been
transferred, slowly add more solvent to the wedge-shaped trough to bring the acetone level up to the
highest possible level without disturbing the sample preparations. Cover the petri dish. Elevate one side
of the petri dish by placing a slide under it. This allows drops of condensed solvent vapors to form near
the edge rather than in the center where they would drip onto the grid preparation. G. TEM Method

1. Instrumentation.

a. Use an 80-120 kV TEM capable of performing electron diffraction with a fluorescent screen inscribed
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with calibrated gradations. If the TEM is equipped with EDXA it must either have a STEM attachment or
be capable of producing a spot less than 250 nm in diameter at crossover. The microscope shall be
calibrated routinely (see Unit ITU.) for magnification and camera constant.

b. While not required on every microscope in the laboratory, the laboratory must have either one
microscope equipped with energy dispersive X-ray analysis or access to an equivalent system on a TEM
in another laboratory. This must be an Energy Dispersive X-ray Detector mounted on TEM column and
associated hardware/software to collect, save, and read out spectral information. Calibration of Multi-
channel Analyzer shall be checked regularly for Al at 1.48 KeV and Cu at 8.04 KeV, as well as the
manufacturer's procedures.

1. Standard replica grating may be used to determine magnification (e.g., 2160 lines/mm),

ii. Gold standard may be used to determine camera constant.

c. Use a specimen holder with single tilt and/or double tilt capabilities.

2. Procedure.

a. Start a new Count Sheet for each sample to be analyzed. Record on count sheet: analyst's initials and
date; lab sample number; client sample number microscope identification; magnification for analysis;
number of predetermined grid openings to be analyzed; and grid identification. See the following Figure
4:
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b. Check that the microscope is properly aligned and calibrated according to the manufacturer's
specifications and instructions.

c. Microscope settings: 80-120 kV, grid assessment 250-1000X, then 15,000-20,OOOX screen
magnification for analysis.

d. Approximately one-half (0.5) of the predetermined sample area to be analyzed shall be performed on
one sample grid preparation and the remaining half on a second sample grid preparation.

e. Determine the suitability of the grid.
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i. Individual grid openings with greater than 5 percent openings (holes) or covered with greater than 25
percent paniculate matter or obviously having nonuniform loading shall not be analyzed.

ii. Examine the grid at low magnification (<1000X) to determine its suitability for detailed study at
higher magnifications.

iii. Reject the grid if:

(1) Less than 50 percent of the grid openings covered by the replica are intact.

(2) It is doubled or folded.

(3) It is too dark because of incomplete dissolution of the filter,

iv. If the grid is rejected, load the next sample grid.

v. If the grid is acceptable, continue on to Step 6 if mapping is to be used; otherwise proceed to Step 7.

f. Grid Map (Optional).

i. Set the TEM to the low magnification mode,

ii. Use flat edge or finder grids for mapping.

iii. Index the grid openings (fields) to be counted by marking the acceptable fields for one-half (0.5) of
the area needed for analysis on each of the two grids to be analyzed. These may be marked just before
examining each grid opening (field), if desired.

iv. Draw in any details which will allow, the grid to be properly oriented if it is reloaded into the
microscope and a particular field is to be reliably identified.

g. Scan the grid.

i. Select a field to start the examination.

ii. Choose the appropriate magnification (15,000 to 20,OOOX screen magnification).

iii. Scan the grid as follows.

(1) At the selected magnification, make a series of parallel traverses across the field. On reaching the end
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of one traverse, move the image one window and reverse the traverse.

Note: A slight overlap should be used so as not to miss any part of the grid opening (field).

(2) Make parallel traverses until the entire grid opening (field) has been scanned.

h. Identify each structure for appearance and size.

i. Appearance and size: Any continuous grouping of particles in which an asbestos fiber within aspect
ratio greater than or equal to 5:1 and a length greater than or equal to 0.5 »m is detected shall be recorded
on the count sheet. These will be designated asbestos structures and will be classified as fibers, bundles,
clusters, or matrices. Record as individual fibers any contiguous grouping having 0, 1 , or 2 definable
intersections. Groupings having more than 2 intersections are to be described as cluster or matrix. See the
following Figure 5:
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An intersection is a non-parallel touching or crossing of fibers, with the projection having an aspect ratio
of 5:1 or greater. Combinations such as a matrix and cluster, matrix and bundle, or bundle and cluster are
categorized by the dominant fiber quality - cluster, bundle, and matrix, respectively. Separate categories
will be maintained for fibers less than 5 »m and for fibers greater than or equal to 5 «m in length. Not
required, but useful, may be to record the fiber length in 1 «m intervals. (Identify each structure
morphologically and analyze it as it enters the "window".)
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(1) Fiber. A structure having a minimum length greater than 0.5 »m and an aspect ratio (length to width)
of 5:1 or greater and substantially parallel sides. Note the appearance of the end of the fiber, i.e., whether
it is flat, rounded or dovetailed, no intersections.

(2) Bundle. A structure composed of 3 or more fibers in a parallel arrangement with each fiber closer
than one fiber diameter.

(3) Cluster. A structure with fibers in a random arrangement such that all fibers are intermixed and no
single fiber is isolated from the group; groupings must have more than 2 intersections.

(4) Matrix. Fiber or fibers with one end free and the other end embedded in or hidden by a paniculate.
The exposed fiber must meet the fiber definition.

(5) NSD. Record NSD when no structures are detected in the field.

(6) Intersection. Non-parallel touching or crossing of fibers, with the projection having an aspect ratio
5:1 or greater.

ii. Structure Measurement.

(1) Recognize the structure that is to be sized.

(2) Memorize its location in the "window" relative to the sides, inscribed square and to other particulates
in the field so this exact location can be found again when scanning is resumed.

(3) Measure the structure using the scale on the screen.

(4) Record the length category and structure type classification on the count sheet after the field number
and fiber number.

(5) Return the fiber to its original location in the window and scan the rest of the field for other fibers; if
the direction of travel is not remembered, return to the right side of the field and begin the traverse again.

i. Visual identification of Electron Diffraction (ED) patterns is required for each asbestos structure
counted which would cause the analysis to exceed the 70 s/mm 2 concentration. (Generally this means
the first four fibers identified as asbestos must exhibit an identifiable diffraction pattern for chrysotile or
amphibole.)

i. Center the structure, focus, and obtain an ED pattern. (See Microscope Instruction Manual for more
detailed instructions.)
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ii. From a visual examination of the ED pattern, obtained with a short camera length, classify the
observed structure as belonging to one of the following classifications: chrysotile, amphibole, or
nonasbestos.

(1) Chrysotile: The chrysotile asbestos pattern has characteristic streaks on the layer lines other than the
central line and some streaking also on the central line. There will be spots of normal sharpness on the
central layer line and on alternate lines (2nd, 4th, etc.). The repeat distance between layer lines is 0.53
nm and the center doublet is at 0.73 nm. The pattern should display (002), (110), (130) diffraction
maxima; distances and geometry should match a chrysotile pattern and be measured semiquantitatively.

(2) Amphibole Group [includes grunerite (amosite), crocidolite, anthophyllite, tremolite, and actinolite]:
Amphibole asbestos fiber patterns show layer lines formed by very closely spaced dots, and the repeat
distance between layer lines is also about 0.53 nm. Streaking in layer lines is occasionally present due to
crystal structure defects.

(3) Nonasbestos: Incomplete or unobtainable ED patterns, a nonasbestos EDXA, or a nonasbestos
morphology.

iii. The micrograph number of the recorded diffraction patterns must be reported to the client and
maintained in the laboratory's quality assurance records. The records must also demonstrate that the
identification of the pattern has been verified by a qualified individual and that the operator who made
the identification is maintaining at least an 80 percent correct visual identification based on his measured
patterns. In the event that examination of the pattern by the qualified individual indicates that the pattern
had been misidentified visually, the client shall be contacted. If the pattern is a suspected chrysotile, take
a photograph of the diffraction pattern at 0 degrees tilt. If the structure is suspected to be amphibole, the
sample may have to be tilted to obtain a simple geometric array of spots.

j. Energy Dispersive X-Ray Analysis (EDXA).

i. Required of all amphiboles which would cause the analysis results to exceed the 70 s/mm 2
concentration. (Generally speaking, the first 4 amphiboles would require EDXA.)

ii. Can be used alone to confirm chrysotile after the 70 s/mm 2 concentration has been exceeded,

iii. Can be used alone to confirm all nonasbestos.

iv. Compare spectrum profiles with profiles obtained from asbestos standards. The closest match
identifies and categorizes the structure.

v. If the EDXA is used for confirmation, record the properly labeled spectrum on a computer disk, or if a
hard copy, file with analysis data.
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vi. If the number of fibers in the nonasbestos class would cause the analysis to exceed the 70 s/mm 2
concentration, their identities must be confirmed by EDXA or measurement of a zone axis diffraction
pattern to establish that the particles are nonasbestos.

k. Stopping Rules.

i. If more than 50 asbestiform structures are counted in a particular grid opening, the analysis may be
terminated.

ii. After having counted 50 asbestiform structures in a minimum of 4 grid openings, the analysis may be
terminated. The grid opening in which the 50th fiber was counted must be completed.

iii. For blank samples, the analysis is always continued until 10 grid openings have been analyzed.

iv. In all other samples the analysis shall be continued until an analytical sensitivity of 0.005 s/cm 3 is
reached.

1. Recording Rules. The count sheet should contain the following information:

i. Field (grid opening): List field number.

ii. Record "NSD" if no structures are detected.

iii. Structure information.

(1) If fibers, bundles, clusters, and/or matrices are found, list them in consecutive numerical order,
starting over with each field.

(2) Length. Record length category of asbestos fibers examined. Indicate if less than 5 »m or greater than
or equal to 5 »m.

(3) Structure Type. Positive identification of asbestos fibers is required by the method. At least one
diffraction pattern of each fiber type from every five samples must be recorded and compared with a
standard diffraction pattern. For each asbestos fiber reported, both a morphological descriptor and an
identification descriptor shall be specified on the count sheet.

(4) Fibers classified as chrysotile must be identified by diffraction and/or X-ray analysis and recorded on
the count sheet. X-ray analysis alone can be used as sole identification only after 70s/mm 2 have been
exceeded for a particular sample.

(5) Fibers classified as amphiboles must be identified by X-ray analysis and electron diffraction and
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recorded on the count sheet. (X-ray analysis alone can be used as sole identification only after 70s/mm 2
have been exceeded for a particular sample.)

(6) If a diffraction pattern was recorded on film, the micrograph number must be indicated on the count
sheet.

(7) If an electron diffraction was attempted and an appropriate spectra is not observed, N should be
recorded on the count sheet.

(8) If an X-ray analysis is attempted but not observed, N should be recorded on the count sheet.

(9) If an X-ray analysis spectrum is stored, the file and disk number must be recorded on the count sheet,

m. Classification Rules.

i. Fiber. A structure having a minimum length greater than or equal to 0.5 »m and an aspect ratio (length
to width) of 5:1 or greater and substantially parallel sides. Note the appearance of the end of the fiber,
i.e., whether it is flat, rounded or dovetailed.

ii. Bundle. A structure composed of three or more fibers in a parallel arrangement with each fiber closer
than one fiber diameter.

iii. Cluster. A structure with fibers in a random arrangement such that all fibers are intermixed and no
single fiber is isolated from the group. Groupings must have more than two intersections.

iv. Matrix. Fiber or fibers with one end free and the other end embedded in or hidden by a particulate.
The exposed fiber must meet the fiber definition.

v. NSD. Record NSD when no structures are detected in the field.

n. After all necessary analyses of a particle structure have been completed, return the goniometer stage to
0 degrees, and return the structure to its original location by recall of the original location.

o. Continue scanning until all the structures are identified, classified and sized in the field.

p. Select additional fields (grid openings) at low magnification; scan at a chosen magnification (15,000 to
20,OOOX screen magnification); and analyze until the stopping rule becomes applicable.

q. Carefully record all data as they are being collected, and check for accuracy.

r. After finishing with a grid, remove it from the microscope, and replace it in the appropriate grid hold.
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Sample grids must be stored for a minimum of 1 year from the date of the analysis; the sample cassette
must be retained for a minimum of 30 days by the laboratory or returned at the client's request. H.
Sample Analytical Sequence

1. Carry out visual inspection of work site prior to air monitoring.

2. Collect a minimum of five air samples inside the work site and five samples outside the work site. The
indoor and outdoor samples shall be taken during the same time period.

3. Analyze the abatement area samples according to this protocol. The analysis must meet the 0.005 s/cm
3 analytical sensitivity.

4. Remaining steps in the analytical sequence are contained in Unit IV. of this Appendix. I. Reporting

The following information must be reported to the client. See the following Table El:
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1. Concentration in structures per square millimeter and structures per cubic centimeter.

2. Analytical sensitivity used for the analysis.

3. Number of asbestos structures.

4. Area analyzed.

5. Volume of air samples (which was initially provided by client).
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6. Average grid size opening.

7. Number of grids analyzed.

8. Copy of the count sheet must be included with the report.

9. Signature of laboratory official to indicate that the laboratory met specifications of the AHERA
method.

10. Report form must contain official laboratory identification (e.g., letterhead).

11. Type of asbestos. J. Calibration Methodology

Note: Appropriate implementation of the method requires a person knowledgeable in electron diffraction
and mineral identification by ED and EDXA. Those inexperienced laboratories wishing to develop
capabilities may acquire necessary knowledge through analysis of appropriate standards and by
following detailed methods as described in References 8 and 10 of Unit in.L.

1. Equipment Calibration. In this method, calibration is required for the air-sampling equipment and the
transmission electron microscope (TEM).

a. TEM Magnification. The magnification at the fluorescent screen of the TEM must be calibrated at the
grid opening magnification (if used) and also at the magnification used for fiber counting. This is
performed with a cross grating replica. A logbook must be maintained, and the dates of calibration
depend on the past history of the particular microscope; no frequency is specified. After any maintenance
of the microscope that involved adjustment of the power supplied to the lenses or the high-voltage
system or the mechanical disassembly of the electron optical column apart from filament exchange, the
magnification must be recalibrated. Before the TEM calibration is performed, the analyst must ensure
that the cross grating replica is placed at the same distance from the objective lens as the specimens are.
For instruments that incorporate an eucentric tilting specimen stage, all speciments and the cross grating
replica must be placed at the eucentric position.

b. Determination of the TEM magnification on the fluorescent screen.

i. Define a field of view on the fluorescent screen either by markings or physical boundaries. The field of
view must be measurable or previously inscribed with a scale or concentric circles (all scales should be
metric).

ii. Insert a diffraction grating replica (for example a grating containing 2,160 lines/mm) into the
specimen holder and place into the microscope. Orient the replica so that the grating lines fall
perpendicular to the scale on the TEM fluorescent screen. Ensure that the goniometer stage tilt is 0
degrees.
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iii. Adjust microscope magnification to 10,OOOX or 20,OOOX. Measure the distance (mm) between two
widely separated lines on the grating replica. Note the number of spaces between the lines. Take care to
measure between the same relative positions on the lines (e.g., between left edges of lines).

Note: The more spaces included in the measurement, the more accurate the final calculation. On most
microscopes, however, the magnification is substantially constant only within the central 8-10 cm
diameter region of the fluorescent screen.

iv. Calculate the true magnification (M) on the fluorescent screen:

M=XG/Y

where:

X=total distance (mm) between the designated grating lines;

G=calibration constant of the grating replica (lines/mm):

Y=number of grating replica spaces counted along X.

c. Calibration of the EDXA System. Initially, the EDXA system must be calibrated by using two
reference elements to calibrate the energy scale of the instrument. When this has been completed in
accordance with the manufacturer's instructions, calibration in terms of the different types of asbestos can
proceed. The EDXA detectors vary in both solid angle of detection and in window thickness. Therefore,
at a particular accelerating voltage in use on the TEM, the count rate obtained from specific dimensions
of fiber will vary both in absolute X-ray count rate and in the relative X-ray peak heights for different
elements. Only a few minerals are relevant for asbestos abatement work, and in this procedure the
calibration is specified in terms of a "fingerprint" technique. The EDXA spectra must be recorded from
individual fibers of the relevant minerals, and identifications are made on the basis of semiquantitative
comparisons with these reference spectra.

d. Calibration of Grid Openings.

i. Measure 20 grid openings on each of 20 random 200-mesh copper grids by placing a grid on a glass
slide and examining it under the PCM. Use a calibrated graticule to measure the average field diameter
and use this number to calculate the field area for an average grid opening. Grids are to be randomly
selected from batches up to 1,000.

Note: A grid opening is considered as one field.
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ii. The mean grid opening area must be measured for the type of specimen grids in use. This can be
accomplished on the TEM at a properly calibrated low magnification or on an optical microscope at a
magnification of approximately 400X by using an eyepiece fitted with a scale that has been calibrated
against a stage micrometer. Optical microscopy utilizing manual or automated procedures may be used
providing instrument calibration can be verified.

e. Determination of Camera Constant and ED Pattern Analysis.

i. The camera length of the TEM in ED operating mode must be calibrated before ED patterns on
unknown samples are observed. This can be achieved by using a carbon-coated grid on which a thin film
of gold has been sputtered or evaporated. A thin film of gold is evaporated on the specimen TEM grid to
obtain zone-axis ED patterns superimposed with a ring pattern from the polycrystalline gold film.

ii. In practice, it is desirable to optimize the thickness of the gold film so that only one or two sharp rings
are obtained on the superimposed ED pattern. Thicker gold film would normally give multiple gold
rings, but it will tend to mask weaker diffraction spots from the unknown fibrous particulates. Since the
unknown d-spacings of most interest in asbestos analysis are those which lie closest to the transmitted
beam, multiple gold rings are unnecessary on zone-axis ED patterns. An average camera constant using
multiple gold rings can be determined. The camera constant is one-half the diameter, D, of the rings
times the interplanar spacing, d, of the ring being measured. K. Quality Control/Quality Assurance
Procedures (Data Quality Indicators)

Monitoring the environment for airborne asbestos requires the use of sensitive sampling and analysis
procedures. Because the test is sensitive, it may be influenced by a variety of factors. These include the
supplies used in the sampling operation, the performance of the sampling, the preparation of the grid
from the filter and the actual examination of this grid in the microscope. Each of these unit operations
must produce a product of defined quality if the analytical result is to be a reliable and meaningful test
result. Accordingly, a series of control checks and reference standards is, performed along with the
sample analysis as indicators that the materials used are adequate and the operations are within
acceptable limits. In this way, the quality of the data is defined and the results are of known value. These
checks and tests also provide timely and specific warning of any problems which might develop within
the sampling and analysis operations. A description of these quality control/quality assurance procedures
is summarized in the following Table ffl:
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1. When the samples arrive at the laboratory, check the samples and documentation for completeness and
requirements before initiating the analysis.

2. Check all laboratory reagents and supplies for acceptable asbestos background levels.

3. Conduct all sample preparation in a clean room environment monitored by laboratory blanks and
special testing after cleaning or servicing the room.

4. Prepare multiple grids of each sample.

5. Provide laboratory blanks with each sample batch. Maintain a cumulative average of these results. If
this average is greater than 53 f/mm 2 per 10 200-mesh grid openings, check the system for possible
sources of contamination.

6. Check for recovery of asbestos from cellulose ester filters submitted to plasma asher.

7. Check for asbestos carryover in the plasma asher by including a blank alongside the positive control
sample.
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8. Perform a systems check on the transmission electron microscope daily.

9. Make periodic performance checks of magnification, electron diffraction and energy dispersive X-ray
systems as set forth in Table in of Unit in.K.

10. Ensure qualified operator performance by evaluation of replicate counting, duplicate analysis, and
standard sample comparisons as set forth in Table HI of Unit HI.K.

11. Validate all data entries.

12. Recalculate a percentage of all computations and automatic data reduction steps as specified in Table
m.

13. Record an electron diffraction pattern of one asbestos structure from every five samples that contain
asbestos. Verify the identification of the pattern by measurement or comparison of the pattern with
patterns collected from standards under the same conditions. The outline of quality control procedures
presented above is viewed as the minimum required to assure that quality data is produced for clearance
testing of an asbestos abated area. Additional information may be gained by other control tests. Specifics
on those control procedures and options available for environmental testing can be obtained by
consulting References 6, 7, and 11 of Unit HLL. L. References

For additional background information on this method the following references should be consulted.

1. "Guidelines for Controlling Asbestos-Containing Materials in Buildings," EPA 560/5-85-024, June
1985.

2. "Measuring Airborne Asbestos Following an Abatement Action," USEP/Office of Pollution
Prevention and Toxics, EPA 600/4-85-049, 1985.

3. Small, John and E. Steel. Asbestos Standards: Materials and Analytical Methods. N.B.S. Special
Publication 619,1982.

4. Campbell, W.J., R.L. Blake, L.L. Brown, E.E. Gather, and J.J. Sjoberg. Selected Silicate Minerals and
Their Asbestiform Varieties. Information Circular 8751, U.S. Bureau of Mines, 1977.

5. Quality Assurance Handbook for Air Pollution Measurement System. Ambient Air Methods, EPA
600/4-77-027a, USEPA, Office of Research and Development, 1977.

6. Method 2A: Direct Measurement of Gas Volume Through Pipes and Small Ducts. 40 CFR Part 60
Appendix A.
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7. Burdette, G.J. Health & Safety Exec., Research & Lab. Services Div., London, "Proposed Analytical
Method for Determination of Asbestos in Air."

8. Chatfield, E.J., Chatfield Tech. Cons., Ltd., Clark, T., PEI Assoc. "Standard Operating Procedure for
Determination of Airborne Asbestos Fibers by Transmission Electron Microscopy Using Polycarbonate
Membrane Filters." WERL SOP 87-1, March 5, 1987.

9. NIOSH. Method 7402 for Asbestos Fibers, December 11, 1986 Draft.

10. Yamate, G., S.C. Agarwall, R.D. Gibbons, IIT Research Institute, "Methodology for the
Measurement of Airborne Asbestos by Electron Microscopy." Draft report, USEPA Contract 68-02-
3266, July 1984.

11. Guidance to the Preparation of Quality Assurance Project Plans. USEPA, Office of Pollution
Prevention and Toxics, 1984.

IV. Mandatory Interpretation of Transmission Electron Microscopy Results to Determine Completion of
Response Actions

A. Introduction

A response action is determined to be completed by TEM when the abatement area has been cleaned and
the airborne asbestos concentration inside the abatement area is no higher than concentrations at
locations outside the abatement area. "Outside" means outside the abatement area, but not necessarily
outside the building. EPA reasons that an asbestos removal contractor cannot be expected to clean an
abatement area to an airborne asbestos concentration that is lower than the concentration of air entering
the abatement area from outdoors or from other parts of the building. After the abatement area has passed
a thorough visual inspection, and before the outer containment barrier is removed, a minimum of five air
samples inside the abatement area and a minimum of five air samples outside the abatement area must be
collected. Hence, the response action is determined to be completed when the average airborne asbestos
concentration measured inside the abatement area is not statistically different from the average airborne
asbestos concentration measured outside the abatement area.

The inside and outside concentrations are compared by the Z-test, a statistical test that takes into account
the variability in the measurement process. A minimum of five samples inside the abatement area and
five samples outside the abatement area are required to control the false negative error rate, i.e., the
probability of declaring the removal complete when, in fact, the air concentration inside the abatement
area is significantly higher than outside the abatement area. Additional quality control is provided by
requiring three blanks (filters through which no air has been drawn) to be analyzed to check for
unusually high filter contamination that would distort the test results.

When volumes greater than or equal to 1,199 L for a 25 mm filter and 2,799 L for a 37 mm filter have
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been collected and the average number of asbestos structures on samples inside the
abatement area is no greater than 70 s/mm 2 of filter, the response action may be considered complete
without comparing the inside samples to the outside samples. EPA is permitting this initial screening test
to save analysis costs in situations where the airborne asbestos concentration is sufficiently low so that it
cannot be distinguished from the filter contamination/background level (fibers deposited on the filter that
are unrelated to the air being sampled). The screening test cannot be used when volumes of less than
1,199 L for 25 mm filter or 2,799 L for a 37 mm filter are collected because the ability to distinguish
levels significantly different from filter background is reduced at low volumes.

The initial screening test is expressed in structures per square millimeter of filter because filter
background levels come from sources other than the air being sampled and cannot be meaningfully
expressed as a concentration per cubic centimeter of air. The value of 70 s/mm 2 is based on the
experience of the panel of microscopists who consider one structure in 10 grid openings (each grid
opening with an area of 0.0057 mm 2) to be comparable with contamination/background levels of blank
filters. The decision is based, in part, on Poisson statistics which indicate that four structures must be
counted on a filter before the fiber count is statistically distinguishable from the count for one structure.
As more information on the performance of the method is collected, this criterion may be modified.
Since different combinations of the number and size of grid openings are permitted under the TEM
protocol, the criterion is expressed in structures per square millimeter of filter to be consistent across all
combinations. Four structures per 10 grid openings corresponds to approximately 70 s/mm 2. B. Sample
Collection and Analysis

1. A minimum of 13 samples is required: five samples collected inside the abatement area, five samples
collected outside the abatement area, two field blanks, and one sealed blank.

2. Sampling and TEM analysis must be done according to either the mandatory or nonmandatory
protocols in Appendix A. At least 0.057 mm 2 of filter must be examined on blank filters. C.
Interpretation of Results

1. The response action shall be considered complete if either:

a. Each sample collected inside the abatement area consists of at least 1,199 L of air for a 25 mm filter, or
2,799 L of air for a 37 mm filter, and the arithmetic mean of their asbestos structure concentrations per
square millimeter of filter is less than or equal to 70 s/mm 2; or

b. The three blank samples have an arithmetic mean of the asbestos structure concentration on the blank
filters that is less than or equal to 70 s/mm 2 and the average airborne asbestos concentration
measured inside the abatement area is not statistically higher than the average airborne asbestos
concentration measured outside the abatement area as determined by the Z-test. The Z-test is carried out
by calculating
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where YI is the average of the natural logarithms of the inside samples and YO is the average of the
natural logarithms of the outside samples, nl is the number of inside samples and nO is the number of
outside samples. The response action is considered complete if Z is less than or equal to 1.65.

Note: When no fibers are counted, the calculated detection limit for that analysis is inserted for the
concentration.

2. If the abatement site does not satisfy either (1) or (2) of this Section C, the site must be recleaned and a
new set of samples collected. D. Sequence for Analyzing Samples

It is possible to determine completion of the response action without analyzing all samples. Also, at any
point in the process, a decision may be made to terminate the analysis of existing samples, reclean the
abatement site, and collect a new set of samples. The following sequence is outlined to minimize the
number of analyses needed to reach a decision.

1. Analyze the inside samples.

2. If at least 1,199 L of air for a 25 mm filter or 2,799 L of air for a 37 mm filter is collected for each
inside sample and the arithmetic mean concentration of structures per square millimeter of filter is less
than or equal to 70 s/mm 2, the response action is complete and no further analysis is needed.

3. If less than 1,199 L of air for a 25 mm filter or 2,799 L of air for a 37 mm filter is collected for any of
the inside samples, or the arithmetic mean concentration of structures per square
millimeter of filter is greater than 70 s/mm 2, analyze the three blanks.

4. If the arithmetic mean concentration of structures per square millimeter on the blank filters is greater
than 70 s/mm 2, terminate the analysis, identify and correct the source of blank contamination, and
collect a new set of samples.

5. If the arithmetic mean concentration of structures per square millimeter on the blank filters is less than
or equal to 70 s/mm 2, analyze the outside samples and perform the Z-test.

6. If the Z-statistic is less than or equal to 1.65, the response action is complete. If the Z-statistic is
greater than 1.65, reclean the abatement site and collect a new set of samples.

[52 FR 41857, Oct. 30, 1987]
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I. IHTROnnCTION

This is « sampling and analysis method for the determination of asbestos
In air. Sample* are analyzed by transmission electron microscopy (TEH).
Although a small subset of samples are to be prepared using a direct
procedure, the imajority of samples analyzed using this method will be prepared
using an Indirect technique, the method allows for the determination of the
minoraloglcal type(s) of asbestos present and for distinguishing asbestos from
non*asbe0toa minerals. In the method, asbestos structures axe characterised
as fibers, bundles, cluatera, or matrices and Che length and vldth of each
aaboatoa structure are measured. Although the method is designed specifically
to provide result* suitable for supporting risk assessments at Suporfund
sites, it is applicable to a wide range of ambient air situations.

To support a. risk assessment, this method addresses two objectives:

(a) to provide increased precision at the low concentrations of
asbestos typically found in the environment;

(b) to provide measurements that can be compared with risk factors
derived from existing epidemiology studies.

An additional consideration addressed in this method is the need to control
sampling and analysis costs.

The method focuses on sampling requirements for Individual sampling
stations and the analysis of sample filtera collected at such stations.
During a Ait* investigation, sampling stations would b* arranged in an array
designed to distinguish spatial trends in airborne aebeatoa concentrations.
Sampling schedules vould be fashioned to establish temporal trends. Thus
proper design of a comprehensive sampling strategy, detailing the design of
the array of sampling locations and the schedule for sample collection, is
alao critical to the success of, on investigation. However, design of a
sampling strategy 1* necessarily site specific and site-speciflo
considerations are beyond the scope of this document.

Satisfying the two method objectives listed above require! innovation*
that tax the limits of .available technology. Consequently, several variations
were considered during development and this method represents a workable
compromise among several technical constraints. Although the method has not
been validated as a whole and the feasibility of * few procedure! need* to b«
better documented, many of the component procedures of this method have been
performed in the laboratory. Thus, the principle features of the method are
veil enough established that the method can be profitably employed In current
field investigations. There is no better way to acquire the necessary
experience and data for completing method validation. At the some time, until
a validation study and appropriate pilot studies are completed, this should b*
considered an Interim method.



Details of th* «oh»ldorationfa addressed during the development of this
method Are provided in a eoapanloA technical Background Document, Part 2 of
this Veport, undor separate cover. A summary is prevented In Chapter 2
(Baotcground) of this doettmene.

This document, is intended to Servo several audiences Including site >
project manager*, lleld sampling. toams, data raviecers, and
analysts. Hie dotiuaont aay be separated into segments »b that
individuals may focus on the flections of. moat interest to theit
particular roles in a project.



2. . BACKOROUyp
••IT?1

During £he•development o£ thla. method, existing sampling'and analysis
technologies were considered to determine on appropriate Approach for
achieving defined method objectives vhlle remaining within the known
constraints associated with the measurement of airborne asbestos. The method
Is designed to provide the analytical sensitivity and precision necessary to
distinguish background from asbestos concentrations'typical of environmental
contaalnatioQ. • The method is. also designed to provide results recorded In a
format that allows comparison with published risk factors, or other proposed
representations of the biological activity .of-asbestos. • :.--

• » • .it , ' > . 7 „ " '

Recent developments toward understanding the relationship between
asbestos exposure and risk indicate that, to assess risks, modern field
measurements should b* tailored to quantify asbestos characteristied that best
relate to biological activity. This is true despite the fact that existing
risk factors are derived from epidemiology studies In vhich asbestos
concentrations were derived primarily by phase contrast microscopy (PCM). A
broader range of asbestos structures potentially contribute to biological
activity than can be detected by PCM.

To provide the needed capabilities for distinguishing the broadest rango
of asbestos characteristics, transmission electron microscopy (TES) was
selected as the analytical technique employed In this method. Although
considered, both FCM and scanning electron microscopy (SEM> were rejected for
use in this method due to their inherent limitations.

The method is designed to provide the best description possible of the
nature, numerical concentration, and sires of asbestos-containing particles
found in an air sample, the method of data recording specified in the method
is designed to allow re-evaluation of the structure characterization and
counting data without the necessity for re-examination of the specimens.

Currently-recognized methods require collection of airborne particulate
on a membrane filter, followed by preparation of TEM specimens from the .
filter. Airborne asbestos is collected either on mixed cellulose ester (MCE)
filters or polycarbonate filters. TEH specimen* can. be prepared from suob
membrane filters either by a direct-transfer technique or by an Indirect:
method.

Dlrect-txansfex TEH specimen preparation methods have the following
advantages:

(a) the particulftte and fiber size distributions are undisturbed
during specimen preparation;

(b) the limited amount of specimen manipulation reduces the
possibility of fiber loss or introduction of extraneous
contamination.



However, tho direct-transfer TEtt preparation methods also have some
significant disadvantages:

(a) the achievable detection Halt is restricted by the particulars
density on the filter, which In turn is controlled by the sampled
air volume and the total suspended partlculote concentration in
the atmosphere being sampled;

(b) the precision of the result is dependent on the uniformity of the
deposit of asbestos structures on the sample collection filter;

(o) air camples must be collected that have particulate and fiber
loadings within narrow ranges. If too high a particulate loading
occurs on the filter, it is not possible Co prepare satisfactory
TEH specimens by a direct-transfer method. If too high a fiber
loading occurs on the filter, even if satisfactory TEM specimens
can ba prepared, accurate fiber counting vill not bo possible.

Indirect TEM specimen preparation techniques permit fiooft of the
disadvantages of direct-preparation to be overcome:

(a) air samples can be collected without regard to the amount of
deposit on the filter surface, the filter loading can far adjusted
in the laboratory to provide satisfactory TEH specimens;

(b) interfering particulate material can be completely mf partially
removed through a combination of dissolution and oxidation
(ashing);

(o) the uniformity of distribution of asbestos structures on the
filters to ba analyzed is Improved.

Indirect TEM specimen preparation methods have the following disadvantages:

(A) the size distribution of asbestos structures is modified;

(b) there ia Increased opportunity for fiber loss or introduction of
oxtrattoous contamination;

(e) when sample collection filters are ashed, any fiber contamination
in the filter medium is concentrated on the TEH specimen grid.

The question as to whether direct or indirect specimen preparation
yields the "correct* result (in terms of representing biological activity) Is
currently unresolved. It can ba argued that the direct methods yield an
undar-estimate of the asbestos structure concentration because many of the
asbestos fibers present are concealed by other particulate material with which
they *r* associated. Conversely, the indirect methods can ba considered to
yield an over-estimate because some types of complex asbestos structures
disintegrate during the preparation, resulting in en increase in the numbers
of structures counted.



2.1. SENSITIVITY

To provide the required sensitivity at asbestos levels typically
found In the environment. It la necessary either to selectively
concentrate asbestos, or to count structures over a much greater area of
a TEH specimen grid than has traditionally been required. To the extent
tfcat it can be employed, selective concentration is the least costly of
the alternatives for increasing sensitivity. The optimal asbestos
concentration on a filter require? filter loadings of total particular
matter in excess of what can generally be tolerated for analysis using
direct-transfer methods for TEH specimen preparation. Consequently, an
indirect technique for TBf specimen preparation is employed in this
method, which incorporates steps allowing for the, selective
concentration of asbestos.

In most anbient environment*, a proportion of the suspended
participate is organic, consisting of soot, spores, pollens and other
debris fro» vegetation. Organic material* such as these can be removed
fro* the analysis by low-tampersture ashing. ...

It 10 common to find substantial numbers of calcium sulfat* fibers
(gypsum) in airborne partlculate collected in urban environments. These
can arise from various sources, and thay can also be generated either in
the atmosphere or on the sample collection filter by reaction of
airborne ealcite or dolomite particles with Atmospheric sulfur dioxide.
Gypsum can be removed by dissolution In water or dilute acids.

Carbonates are another major component of most exterior
atmospheres, Calcite and dolomite are commonly found in urban
aOMspherea; these originate from various sources, including erosion of
concrete and cement, local geology, and in some cases from Industrial
operations. Such carbonates can be removed by extraction with
hydrochloric acid. If acid extraction procedures are carried out
correctly, no chemical or cryBtallographic degradation of asbestos can
be detected by routine method* of TEH analysis.

Removal of a large proportion of the suspended particular by use
of these techniques permits the asbestos present In the sample to be
concentrated on to & smaller area of the TEM specimen. Consequently,
the area of the TEH specimen chat must be examined to achieve a
particular analytical sensitivity Is proportionately reduced. Also,
many of the non-asbestos fibrous structures normally found In a
directly-prepared TEH specimen* each of which must be identified «n*
rejected from the asbestos structure count, do not appear on the
Indirectly-prepared TBM specimen.

For many environmental samples, a selective concentration of the
asbestos structures, incorporating low temperature ashing, re-suspension
in water, and acidification with HC1 is capable of removing substantial
amounts of interfering particulate from the analysis, and. for a



particular analytical sensitivity, reducing the area of the TEH
specimens chat muse be examined.

The concentration steps Included In this method, together with the
requirement to measure very low airborne asbestos concentrations, make
control of asbestos contamination more critical than for specimens
prepared by direct-transfer techniques. Accordingly, the .procedures In
this method have been designed to mlnialza the effects of contamination.

f
2.2. SAMPLED AIE VOUDMBS

Ibis method Incorporates an Indirect preparation procedure to
provide flexibility in the amount of deposit that can be tolerated on
the cample filter and to allow for tho selective concentration of
asbestos prior to analysis. To minimize contributions to background
contamination from asbestos present in the plastic matrices
(polycarbonate or mixed cellulose ester) of membrane filters while
allowing for sufficient quantities of asbestos to be collected, this
method also requires the collection,of a larger volume of air per unit
area of filter than has traditionally been collected for asbestos
analysis.

Due to the need to collect large,volumes of air, higher sampling
flow rates are recommended in. this method than have generally been
employed for acbectoc sampling in the pasc. As an alternative, samples
nay be collected over longer tine intervals but this restricts the
flexibility required to allow samples to be collected while uniform
motaorologloal conditions prevail. Higher flow rates through a 25 nan
filter result in increased face velocities at the filter surface.
Potential problems associated with the higher flow rates and Increased
face velocities include:

(a) destruction of the filter due to failure of its physical
support under force iron the increased pressure drop;

(b) leakage of air around the filter mount so that the filter is
bypassed;

(c) damage to tile asbestos structures due to increased impact
velocities.

The recommanded flow rates and face velocities have been employed
in air sampling using nuSEbrano filters In the past. Based on such
studies, (c) is not likely to bo a problem. Using the filters and flow-
rates specified, the first two concerns (a and b) are also unlikely to
impose limitations. However, documented experience at the increased
flow rates with th* typos of filter cassettes to be used in this method
Is very limited. Consequently, a pilot study is recommended Co confirm
that tho structural integrity of a 25 ma filter cassette Is not altered
at the increased flow rates recommended. There Is also some question



whether available pumps can maintain such flow rates throughout the
collection of large volumes of air while the filter loading and,
correspondingly, the resistance to flow steadily increase.

2.3. FILTER SELECTION

Selection of. the type of filter Co be used In this method was
determined by considering the performance of the filter during sample
collection, sample handling, and TEH specimen preparation (by an
indirect t«chnique). Concerns includo the degree of asbestos loss that
nay occur during sample transport or handling, the efficiency with which
asbestos is transferred from the filter to the TEH specimen, and the
level of asbestos contamination potentially Introduced to the TEH
specimen from the filter material Itself. Both mixed cellulose eater
(HCE) and polycarbonate filters wore, evaluated.

It is generally accepted that deposited particles nay move on eha
surface of polycarbonate filters when those filters are heavily loaded.
Such movement nay occur either during sample transport or handling in
the laboratory. Such movement may- potentially lead to asbestos losses
between the tl»e samples are collected and Che time they are prepared
for analysis-.

Unlike the smooth surface of a polycarbonate filter, HCE filters
exhibit sponge-like surfaces that trap filters within layers of porous
tutorial. The potential for movement of deposits on the surface of this
type of filter is generally considered minimal. Correspondingly, the
potential fox loss, of asbestos during transport ox handling is also
reduced. Thus, MCB filters are preferred over polycarbonate filters in
terns of ease of handling.

Two methods are available for removal of sampled particulate from
the sample collection filter in an indirect preparation: complete ashing
of the filter end the partlculate deposit, or voshing of the partlculate
deposit from the filter surface followed by ashing of the wash-suspended
deposit: only. A number of problems have been experienced trith the
ashing of filters during indirect-transfer procedures. The efficiency
with which deposited asbestos la transferred by washing has not been
thoroughly Investigated.

Complete ashing of a filter causes any asbestos contamination chat
may be present within the polymer matrix of the filter to be transferred
to the final TEH preparation. Direct-transfer preparations from
polycarbonate filters are known to yield a measurable background of
asbestos contamination and current knowledge indicates that ashing of
polycarbonate filters vill yield an even higher value. Difeat-transfer
preparations of MCE filters generally yield low background asbestos
contamination. However, ashing of either filter may yield higher levels
of background asbestos contamination due to sources of contamination
associated with the preparation Itself.



Problems that have been experienced in association with low
temperature ashing include both potential sources of additional
contamination and filter behavior potentially loading to asbestos
losses. During filter ashing, background contamination can arise from
within the asher chamber, the containers in which the filters are ashed,
Che distilled water supply used for re -dispersing the ash, tho pipettes
used for transfer of dispersion for filtration, and the filtration
funnel.

During ashing, both MCB and polycarbonate filters have
occasionally been observed to curl up and give the appearance of being
completely ashed, yet asbestos la trapped in a few very large,
incompletely ashed particles that do not disperse. Consequently, such
asbestos Is lost and does not appear on the final TEH preparation.
Procedures for avoiding this problem need to be refined.

Due to the problems associated vith ashing the f liter* , washing of
the partlaulate from the filter surface into ethanol is considered a
superior approach. It Is considered that washing of particulate front
tho surface of a polycarbonate filter can be accomplished with high
removal efficiency. However, contamination of polycarbonate filters by
asbestos has been measured by various laboratories, and currently
appears to be vithin tho range of 50-200 asbestos struetures/sq.mm. on

During the washing of the. filter surface, asbestos contamination
on the surface of a polycarbonate filter (observed on preparations f ton
direct-transfer procedure a > may be detached along with the collected
particulata and contribute to the background against which the
concentrations of any collected asbestos must be measured. If the
filter is removed from the cassette and the vashlng of tho filter is
performed ultraaontoally in a beaker, contamination from frotft aidea of
tho filter may be detached, leading to higher background counts.
Therefore, potential but unquontified problems may be associated with
the washing of polycarbonate filters.

Currently, it is not known whether collected particulate can be
efficiently removed by washing the surfaced of 0,45 pm or 0.8 fm pore
size HOE filters. The KCB filter has a sponge -like texture, and many of
the fibers collected are embedded or entrapped within this structure.
It has boen shown that any attempt to use ultrasonic techniques results
in disintegration of the filter surface and release of fragments of

Certain laboratories have consistently reported lower values for
polycarbonate filter contamination than other laboratories.
Although this is well known and the matter has bean addressed by
numerous investigators, 'the source of the apparent discrepancy has
not been elucidated.
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filter material. It Is possible that this disintegration of the filter
surface nay also release most of the collected particulate, but this has
not been demonstrated. On the basis of current knowledge, it is
unlikely that the small amount of polymer removed from the surface of
the filter would contribute a significant level of contamination to the
analysis, because contamination levels on the surface of MCE filters
have been dattonscrated to be very low.

Based on the above considerations, MCE filters ware selected for
use in this «ethod. Although available data suggest that the optimum
combination of filter and preparation technique would be for samples to
be collected on MCE filters and to re-diapersa the particulate in water
by washing of the filters, little is known concerning the efficiency
with vhich asbestos con bo removed from the surface of an MCE filter by
washing. It la known that some of' the filter polymer is detached from
tho filter surface during washing and particles of thia polymor can
interfere with the analysis. Thus, ashing of the wash suspension would
be necessary in order to remove the filter polymer fragments. Because
the efficacy of the filter washing procedure baa not been adequately
substantiated, the preparation procedure incorporated into this aethod
IB ashing of tike filter followed by re-dispersion of the ash in water.

2.4. PRECISIOH

To noxlnise precision, potential sources of variation within the
method must b* controlled. To minimize syseenaelo variation during
sampling and analysis, the method specifies detailed procedures. Random
variation ia minimised by maximizing the number of structures to bo
Identified and counted, which includes increasing the probability of
encountering asbestos structures during analysis, as discussed in .
Section 2.1. In addition, detailed and unambiguous counting rules and
rules for Identification are specified in the aethod to minimize
variation due to subjective interpretation.

Airborne asbestos is often found, not aa single fibers, but as
•very complex structures that nay or may not be aggregated with equant
(rum-asbestos) particles. The mineralogy of structures found suspended
in an ambient atmosphere must b« identified to confirm a structure as
asbestos. Such structures/ can often be identified unequivocally, if
sufficient aaasuretMnt effort is expended. However, if each structure
warn to be identified in thia way, the analysis becomes prohibitively
expansive. Because of instrumental deficiencies or because of the
nature of the particulate, some structures cannot be positively
identified at asbestos, even though the measurements all indicate that
they could be asbestos. Subjective factors therefore contribute to this
measurement, and consequently a very .precise procedure for
Identification and enumeration of asbestos is incorporated in this
method.



Despite the imposition of systematic counting and identification
criteria, there are large potential errors in characterizing Asbestos in
ambient atanosphetaa, associated with the variability between filter
samples and the performance of individual njicroscopists. For this
xo&sott, a replicate sampling and analysis scheme is also incorporated in
order to determine the accuracy and precision of the method,

2.5. ASBESTOS CHARACTERISTICS

To analyze asbestos samples so that: results con be related to
potential risks. It is necessary to quantity the characteristics of
asbestos that relate to biological activity. This involves enumeration
of individual structures vithin certain size categories vith particular
emphasis on tho longest and thinnast structures. Although the range of
dimensions over which asbestos structures contribute to biological
activity has yet to be precisely defined, this method is designed to
provide a detailed characterization of structures «neoap&«8ing the
entire rang* of potential importance.

Uhfin evaluating detailed asbestos size characterizations, it Is
important to consider the effects of sample preparation. The appearance
of the size distribution representing a sample of asbestos nay vary
depending on whether the sample was prepared by a. direct or an indirect
technique. Existing risk factors are based largely on studies
incorporating direct transfer techniques.2 Because Indirect preparation
la preferred to achieve the desired analytical sensitivity for
environmental analysis (see Section 2.1), a procedure for evaluating the
relationship between structure counts on samples prepared by an indirect
technique and by a direct transfer technique is included in the method.

2.6. COST COHSIDERATIONS

In environmental samples, the aaount of airborne asbestos is
usually low relative to the total suspended partlculate concentration.
Therefore, vhen using a direct-transfer preparation, large areas of the
TEN specimen grids must b« examined to obtain a statistically valid
measurement for Asbestos. Consequently, the analysis is expensive. It
is therefore not feasible to perform this type of analysis on all of the
filters collected as part of a site investigation.

A cost-effective compromise has been incorporated into this
method. A ttro phase sampling and analysis schema has been adopted. In
Chase 1, the majority of samples collected at a site will be prepared by

BOM analyses are performed directly on sample filters where the
filter material haa been rendered transparent by a suitable
solvent. Since the fibers are observed as originally deposited,
this corresponds closely to a direct transfer technique for TEM
analysis.
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the Indirect-transfer technique (to maximise precision) and analysis
will be performed using an.efficient evaluation procedure. Air volumes
collected on Phase 1 samples.may be maximized subject to the limitations
of sampling equipment.

In Phase 2 a snail subset of .samples (3 to 10%) will bo collected
and analyzed using an extended, TEH examination to derive a relationship
between counts from samples prepared by a direct technique and counts
from samples prepared by an Indirect technique for, each of the various
structure size fractions of Interest that are observed In Phase 1 and
Phase 2 aaaples. Filter* from Phase. 2 samples will be split so that
half'nay bo prepared by the direct-transfer procedure and half by the
Indirect-transfer procedure. Because half of each filter to be analyzed
under Phase 2 will be prepared by the direct-transfer technique, the
volume of air collected for each sample is limited by the loading that
con be tolerated during analysis of a specimen prepared .using a direct-
transfer technique. Phase 1 and 2 samples shall.be collected.simul-
taneously.

11



3, OVERVIEff OF METHOD

Samples arc collected and prepared for TEH examination by one of two
techniques depending on the purpose for the sample. The majority of air
caapl&a (denoted Phase 1 samples) will be analyzed us tag an indirect procedure
for preparation of TEH specimens, optimized to provide low detection limits
and high precision. A snail nuntber of samples (denoted Phase 2 samples) trill
be collected in such a way that they can be analyzed using both indirect and
direct procedures for preparation of TEH specinens, to allow comparisons to be
mada between thfl results from the two specimen preparation procedures. TEH
examination, procedures used for the too sets of samples also differ.

3.1. SAMPLE COLlECTloa

A sample of airborne particulate is collected by drawing a
measured volume of air through a 25 mm diameter, 0.43 am pore size HCE
membrana filter by means of a pump. Air volumes collected on Phase 1
samples will be maximized. Air volumes collected on Phase 2 samples
will be limited to provide optimum loadings for filters to be prepared
by a direct-transfer procedure.

3.2. BAHPLE PRSPABAXX0N

TSM grids will be prepared according to either 3.2.1 or 3.2.2 below.

3.2.1. Indirect TEH Specimen Preparation

This preparation will be applied to all Phase 1 and Phase 2
samples. The filter is spile and half of the filter is stored
for future use. The remaining half of the filter' is ashed in a
low-temperature plasma osher. The residual ash is ultxasonlcally
dispersed in freshly-distilled water. The suspension is acidified
using hydrochloric acid, and immediately filtered through a 23 mm
diameter, 0.1 pis pore size HCE filter. The filter la dried and
the filter structure is collapsed using a mixture of dimethyl
fornamlda, acetic acid and water. A thin film of carbon is
evaporated onto the collapsed filter surface and small areas are
cut from tie filter. These areas of filter are supported on TEH
specimen grids and the filter medium is dissolved away by a.
solvent extraction procedure.

KOTE

An alternate procedure for Indirect preparation in which filter
deposits are washed off of MCE filters followed by the ashing of
the wash-suspended deposit nay be substituted Into this method
upon completion of validation in. a pilot study.



3.2.2. Direct: TEM Specimen Preparation

The remaining one-half of the. filtera from all Phase 2
samples will be prepared by this procedure. One quarter of the
filter la collapsed using a mixture of dimethyl formamide, acetic,
acid and water. The collapsed filter is etched for a short time
in a low temperature plasma asher to remove the surface layer of

. filter polymer which may have encapsulated asbestos structures
during the collapsing procedure. . A thin film of. carbon is
evaporated onto the collapsed filter surface and snail areas are
cut from the filter. These areas of fitter are supported on TEH
specimen grids and the filter medium is dissolved away by a
solvent extraction procedure..

3.3. AHALXSIS .

The TEH specimen grids are examined at both low and high
magnifications to check that they are suitable for analysis before
carrying out a quantitative examination on randomly-selected grid
openings. In addition to isolated fibers, ambient air samples often
contain more complex aggregates of fibers, with or without equant
particles. Some particles are composites of asbestos fibers with other
materials. Individual fibers and these more complex structures are
referred to as "asbestos structures*. A coding system is usad to record
the type of fibrous structure, and to provide the optimum description of
each of these complex structured.

The method requires that separate examinations be made for
asbestos structures of all sices (incorporating asbestos fibers with
lengths greater than 0.5 pai) and for long asbestos structures
(incorporating structures longer than $ /na). In both cases, asbestos
structures are defined as those exhibiting mean aspect ratios equal to
or greater than 3:1. This TEM examination procedure allows for
specification of a lower analytical sensitivity for the measurement of
tha concentration of asbestos structures longer than 5 fat,

In the TO! analysis, electron diffraction (ED) Is used to examine
the crystal structure of a fiber, or fibrous components of complex
structures, and the'elemental composition is determined by energy
dispersive X-ray analysis (EDXA). For a number of reasons, it is not
possible to identify (doeernina the mineralogy of) each structure
unequivocally, and structures are classified according to the techniques
that hava been used to identify them. & simple code is used to record
Che manner in which each structure is classified.

The classification procedure is based on successive inspection of
Che morphology, the electron diffraction pattern, and the energy
dispersive X-ray spectrum. Confirmation of the identification of
chrysotlle is only by quantitative ED, and confirmation of amphibole is
only by quantitative KDXA and quantitative zone-axis ED.
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Several levels of analysis to Confirm mineralogy are specified,
the higher levels providing a more rigorous approach to the
identification of structures. The procedure permits a minimum required
asbestos Identification procedure to be defined on the basis of previous
knowledge, or lack of it, about the particular sample. Atteopts are
than nade to achieve this defined minimum procedure for each asbestos
structure, and the degree of success is racordad for each. Tha two
codes remove from the nioroscopist tho requirement to interpret
observations nade during tha TEH axanination, and allow tbla evaluation
to be made later without th« roquireoent for re-examination of the TEH
specimens.

The lengths and widths of all classified asbestos structures are
recorded. The number of asbestos structures found on a known area of
tha TEH specimen grids, together with the equivalent volume of air
filtered through this area, are used to calculate the Airborne
concentration In asbestos structures/liter of air.

This method requires that the desired analytical sensitivities for
tha moasureasmts of:

(a) asbaaeoa structures of all sizes (incorporating structure*
longer thwi 0.5 /an); and,

(b) asbestos structured longer than S /OB,

shall be specified before air samples are collected. In both cases,
structures to be counted are defined as those exhibiting aspect ratios
equal to or greater than 5:1. It will not always be possible to achieve
these analytical sensitivities, because the volume of Air that can be
sampled is dictated by tha nature and concentration of the suspended
partlculata in tha atmosphere being sampled. To soae degree, this
limitation can be overcome by selective concentration of.asbestos
structures during tha specimen preparation procedures' and by examination
of a larger area of tha TEH specimens. However, the ease and cost of
achieving a specific value for the analytical sensitivity will vary froa
sample to sample,
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4. SCOPE ASPPIgLO OF APPLICATION

Thl* oathod defines procedures for analyzing of airborne asbestos
collected by drawing a known volume of air through mixed cellulose ester (MCE)
filters* Th«. method is suitable for the determination of asbestos in anbiont
Air. ' '

4.1, SUBSTANCE DETBSJONED

The method defined uses transmission electron microscopy for
determination of the concentration of asbestos in ambient atmospheres.
This, method includes measurement of the lengths and widths of asbestos

. Structures and a calculation of their aspect ratios. In the method,
asbestos structures are characterized as fibers, bundles, clusters, or
outrlcos. The method allows for the determination of the mineralogies!
type(s) of asbestos present. The method, however, cannot discriminate)
between individual fibers of the asbestos and non-asbestos analogues of
the aame~ ampbibole, mineral.

4.1. RANGE

The ronga of concentrations that can be determined on « TEH
specimen grid is approximately 50 to 7000 asbestos struct urea/ma2. The
lover limit Is generally defined by the requirement that the
concentration of asbestos collected from the air be distinguishable from
background contamination contributed by the oethod and the filter. The
Upper limit: la defined by the Concentration at which asbestos structures
vill significantly overlap and interfere with,proper detection.

4.2.1. Upper Llait of Range

The upper limit of the .range for detecting asbestos on a
filter nay be limited both by excessive overlap of asbestos
structures and by the presence of other Interfering particles. In
practice, if obscuration of asbestos structures is not to bo a
significant factor in a method's precision, the final TEH specimen
grid should not exhibit more than approximately a 10% coverage by
paxtioulate* For the indirect TEH specimen preparation method,
this raaxlBum permissible particular* loading is determined by the
concentration of that portion of tho total suspended particular
concentration t&at cannot be removed by procedures such as
oxidation or chemical dissolution.

Using the direct-transfer preparation method, it has been
found that if tho total particulate loading of the sample
collection filter exceeds approxlttatftly 10 /ig/cat* of filter
surface, corresponding to approximately 10% coverage of the
collection filter by paniculate, the TEH specimen* are loaded to
a point that obscuration of asbestos structures by particulate
becomes a significant source of error. If the particulate loading
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exceeds approximately 25 pg/cm2 of flltor surface, tho specimens
or* seriously overloaded and It is often not possible to prepare
TEH specimens chat have grid openings with intact carbon film.

The degree that non-asbestos particulars may Interfere with
asbestos analysis is a function of the concentration of total
suspended partieulate (TSP) present in the Atmosphere in addition
to the asbestos being sampled. Concentrations of the TSP vary
over several orders of magnitude depending on location, tine of
day. and weather. Urban and agricultural sites tend to have
significantly higher concentrations of the TSP than rural
locations. Consequently, higher volumes of air may be collected
at rural locations before Interference by the TSP beconea a
limiting factor.

In addition to variation in overall concentration, the
composition of the TSP varies significantly as a function of
location. At urban sites and specific rural locations, the TSP
tends co be composed principally of organic matter that can be
ashed or inorganic substances that are soluble In acidified media.
Agricultural locations and other rural locations frequently
exhibit higher concentrations of refractory silicate particles.

Due eo the vide spatial and temporal variation In the TSP
concentrations, a gonoral rule for estimating levels can not be
provided. Hovover, a reviev of available environmental studies
indicates that air volumes of 1 a? per caf of filter area may
reasonably .be collected for direct preparation samples In most
urban and rural environments. Subject to the types of the TSP
present, samples collected for indirect preparation can be loaded
to levels up to an order of magnitude higher. Data on the range
of local levels of TSP should be obtained and evaluated prior to
finalising a sampling plan for a sita.

4,9.2. lowar Limit of Detection

The detection limit theoretically can be lowered
indefinitely by:

(a) filtration of progressively larger volumes of air;

(b) use of intermediate specimen preparation procedure8 to
concentrate the collected partieulata on to smaller
areas of the TEH specimen grids; and,

(o) exsaLnatton of greater areas of the TEH specimens In
the electron microscope.

Although it might appear that the detection limit can be
lowered indefinitely by examination of a greater area of tho TIN
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-speclnens. this Is not actually the case if unused filters
(blanks), or the analytical procedure Itself, contribute
background asbestos. Although it Is considered that the back-
ground astestoa structure count* of TEH specimens prepared by the
collapsed MCE filter technique (direct preparation) are very low,
there ore fev data currently available concerning the asbestos
content of the MCE filter polymers themselves, vhich night
contribute to background during an Indirect preparation.

In * technique that Incorporates complete ashing of MCB
filter aenbranas, any asbestos contained in the filter polymer
vlll be concentrated on the final TEM specimens. Accordingly,
this effect should be niniaized by collection of the maximum
volumes of air possible, and a continuous program of blank
•teasuraaentfl must fora part > of the quality assurance procedures.

4.3. ANALYTICAL SENSITIVITIES

Based on a review of data fro« past environmental asbestos
investigations and published studies of rural and urban background, the
lower end of the ranges of concentrations typical of these types of
studies center on 5 structures/liter (s/L) for asbestos structures of
all sizes and 0.2 a/L for structures longer than 5 fan. The significance
of the asbestos structures longer than 5 ;oa la discussed in Section 2.S,
To distinguish among such concentrations at acceptable levels of
statistical significance, it is assumed that a minimal of 10 asbestos
structures should be Identified and counted (see Section 4.2 of the
Technical Background Document, Fart 2 of this report). Thus, analytical
sensitivities (defined as the concentration represented by the detection
of 1 structure) required by this method ore 0.5 s/L and 0,02 s/L for
asbestos structures' of all sizes and asbestos structures longer than
5/M, respectively.

4.4. DIMENSIONAL DETECTION UMTS

vary In their ability to detect very small asbestos
structures. Therefore, a nininuai length of 0.5 JJA has been defined as
the shortest fiber Co be Incorporated in the reported results.

the minimum detectable width for asbestos structures counted in
this aethod IB determined by the ability of an operator to detect then
'in a routine examination at the specified magnification of the aethod.
The minimum magnification specified In thl* method (10,000) la more than
sufficient to ensure visibility of the thinnest chrysotllc asbestos
fibrils.
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5. DBF1HITIOH3

AclCUlar: Toe shape shown by an extremaly slender crystal vith cross-
sectional dimensions nhich are small relative to its length.

Amphibolet A group of roclc-fornlng ferromagnesium silicate minerals, closely
related in crystal form and composition, and having the nominal formula:

vhertt:

A - K, Ha;

B - Pew, Mn, Mg, Ca, Ha;

C - Al, Cr, Ti, Fes% Kg, Fe**;

T - 3i, Al, Cr, Fa**, Ti.

In soaa varieties of amphibole, these elements can be partially substituted by
Li, Pb, or Zn. Aophibolo is characterized by a cross-linked double chain of
Si-0 tetarahedra with a silicon:oxygen ratio of 4:11, by columnar or fibrous
prismatic crystals and by good prismatic cleavage in two directions parallel
to the crystal faces and intersecting at angles of about 56* and 124*.

Anphibole asbestos: Anphlbole in on asbestlforra habit.

Analytical sensitivity: The calculated airborne concentration, in asbestos
structures/liter, equivalent to counting of one asbestos structure in the
analysis.

Asbaat&forn: A specific type of mineral fibrosity in which the fibers and
fibrils possess high tensile strength and flexibility.

Asbestosi A torn applied to a group of fibrous silicate minerals that readily
separate Into thin, strong fibers that are flexible, heat resistant and
cheaically inert.

Asbestos component: A term applied to any individually identifiable asbestos
sub-structure that is part of a larger asbestos structure.

Asbestos structure: A tern applied to any contiguous grouping of asbestos
fibers, vith or without equant particles.

Aspect ratio: The ratio of length to width of a particle.
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Blank: A fiber count: mads on TEH specimens prepared from an unused filter, to
determine the background measurement. Blanks consist of filter blanks, field
blanks and laboratory blanks.

Bragg, Angle: The, angle between a crystal surface and an Incident ray of
Incoming x-radiation.

Bundle: A. fiber composed of parallel, smaller diameter fibers attached along
their lengths.

Camera length: Th* equivalent projection length between the specimen and lt«
electron diffraction pattern, in the absence of lens action.

Cbrysotile: A mineral of the serpentine- group which has the nominal composi-
tion:

In SODW varieties of chrysotile, the silicon may be partially substituted by
Al or less commonly by Fe . The magnesium nay be partially substituted by !>o ,
Ni? Mn or Co. Some varieties contain Ha,, Ci or both. Chrysotllo la a. highly
fibrous, silky variety, and constitute^ the moat prevalent type of asbestos.

Cl**vag«! Tho breaking of a mineral along , one of its crys calligraphic
directions. "

Cleovag* fragment: A fragment of .a crystal that is bounded by cleavage faces.

Cluster: An assembly of randomly oriented fibers.

Component count: For any sample, a tally that includes the individually
Identified components of complex asbestos structure* and each single asbestos
structure with no Identifiable components.

d- spacing: The distance between identical adjacent and parallel planes of
atpms in a crystal. .

Detection limit: The calculated airborne fiber concentration in fibers/liter,
equivalent to counting of 3. 69 fibers in Che analysts.

Electron diffraction: A technique in electron microscopy by which the crystal
structure of a specimen is examined.

Electron scattering pov«r: The extent to vhlch a thin, layer of substance
scatters electrons from their original directions.

Energy dispersive X-ray analysis: Measurement of the «n*rgi*a and intensities
of X-rays by use of a solid state detector and multi-channel analyser system,

Boeratrlo: The condition when on object is placed with its contor on a
rotation or tilting axis.
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Fiber: An elongated particle which has parallel or stepped aides. In this1

method, « fiber Is defined to have an aspect ratio equal to or greater than
5:1.

Fibril: A aIngle fiber o£ asbestos, which cannot bo further separated
longitudinally into eaaller consonants without losing Its fibrous properties
or appearances.

Fibrous structure: A contiguous grouping of fibers, with or without equant
particles.

Field blank: A filter cassette which has been taken to the sampling site,
opened, and than closed. Such a filter la analyzed to determine the back-
ground asbestos structure count for the measurement.

Filter Blank: An unused filter which Is analyzed to determine the background
asbestos structure count.'

Habit: The characteristic crystal form or combination of forms of a alneral,
including characteristic irregularities.

Identify: During analysis, Che use of a sequential set of procedures to
determine and conflra the aineralogy of a structure.

laboratory Blank* An unused filter which is analyzed along with sanple
filtore to dtttanaina the background asbestos structure count.

Katrix: A connected assembly of asbestos fibers vlth particles of another
species (non-asbestos).

Killer index: A set of either three or four integer numbers used to specify
thft orientation of a crystallographic plane in relation to the crystal axes.

BCH equivalent structural A structure of aspect ratio greater than or equal
to 3:1, longer than 5 jm. and which has a mean diameter between 0.2 jan and
3.0 pn for a part of Its length greater than 3 tm. In this method, rCME
structures also must contain at least one asbestos component,

Replication; A procedure in electron microscopy specimen preparation in vhlch
a, thin copy, or replica, of a surface Is wade.

Selected area electron diffractioni A technique in electron microscopy in
which the crystal structure of a small area of a saapla is examined.

Serpentine: A group of coomon rock-forming minerals having the nominal
formula:



Structure Count: For any sanple. a tally of each individually Identified
asbestos structure regardless of whether the structure contains identifiable
conpononts. This is equivalent to a count of the total number of separate
asbestos entitles encountered on the sampla.

Twinning: The occurrence of crystals of the some species joined together at a
particular mutual orientation, and such Chat th« relative orientations are
related by a definite lav.

Unopened fiber: A. large diameter asbestos fiber bundle which has not been
separated into its constituent fibrils or fibers.

Zone-axis: The line or crystallographic direction through the c«nt«r of a
crystal which !• parallel to the Intersection edges of Che crystal faces
defining the crystal zone.
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6. ASP

6.1. SYMBOLS

A

L/mln

pa

Pa

a/I.

W

unit (ICT10 meter)

electron volt

kilovolt

liters per minute

roiorogran {10~* grams)

micrometer (10"e neter)

nanometer (10*8 meter)

Pascal

* structures par liter

watt

6.2.

BMP

ED

BDXA

FWM

HEPA

MCE

PCK

PCME

SABD

SEK

ABBREVIATIONS

Dimethyl foraaorida

Electron diffraction

Energy dispersive X-ray analysis

Full width, half maximum

High efficiency particle absolute

Mixed cellulose ester

Phase contrast optical microscopy

Phase contrast microscopy equivalent

Selected area electron diffraction

Scanning electron microscope



STEM

TEM

TSP

THOC

Scanning transmission electron microscope

Transmission electron nicroscopa

Total tnupwtdad parttculato

Union International* Centre la Cancer



7. EJHCEEHElff;

7.1. ATR SAMPUHC - EQTJTFHEHT AHD CONSUMABLE SUPPLIES

7.1.1. Filter Cassette

Coimercially available field monitors, comprising 25 ran
diameter three-piece cassettes, with conductive extension cowls
shall be used for sample collection. The cassette must be new and
not previously used., the cassette shall be loaded with an MCE
filter of pors size 0.45 pa, and supplied froa a lot number vhich
has been qualified as low background for asbestos determination.
Tha filter shall be backed by a 3 tm pore size MCE filter, and
supported adequately eo that distortion of the filter by the
differential praseuca across It does not occur during sampling,
The cassettes shall be purchased with the required filters In
position, or shall be assembled in a laminar flow hood or clean
area such that the filter blank determinations meet the criteria
of Section 10.6. When the filters are in position, a shrink
cellulose hand or adhesive tape should be applied to cassette
joints to prevent air leakage. Suitable precautions shall be
taken to ensure that the filters are tightly clamped in the
assembly so that significant air leakage around the filter cannot
occur.

7.1.2. Sampling Poop

The campling punp shall be capable of a flow-rate and
puapins tine sufficient to achieve the desired volume of air
saapled. The face velocity through the filcer shall be between
4.0 cm/ a and 63.0 em/*. The sampling pump used shall provide a
non- fluctuating air-flow through the filter, and shall maintain
the initial volume flow-rate to within ±10% throughout the
sampling period. A constant flow or critical orifice controlled
puap neeta these requirements. Flexible tubing shall be used to
connect the filter cassette to the sampling pump. A means for
calibration of the flow-rate of each pump is also required.

7.1.3. Stand

A stand shall be used to hold the filter cassette at the
desired height for sampling and the filter cassette shall be
isolated from the vibrations of the pump.

7.1.4. Eotaweter

A rotameter or other flow measuring device calibrated such
that the operator can measure flow rates to ± 5% accuracy at the
expected sampling flow rate.
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7.2. SPECIHES PRBPARATIOS LABORATORY

Asbestos, particularly chrysotlle, is present in varying
quantities in many laboratory reagent*. Many buildtpg materials also
contain significant amounts of asbestos or other ainaral fibers that may
interfere with the analysis If thoy are inadvertently Introduced during
preparation of specimens. It is most important to ensure that during,
preparation, contamination of TEH specimens by any extraneous asbestos
fibers Is Blnlaized. All specimen preparation steps shall therefore be
performed in an environment where contamination of the sample is
minimized. The primary requirement of the sample preparation laboratory
Is that a blank determination shall yield a result which will meet the
specifications In 10.6. A alninun facility considered suitable for
preparation of TEM specimens Is a laminar flow hood. However, It has
been established that work practices in specimen preparation appear to
b* more important than the type of clean handling facilities in use.
Preparation of samples shall be carried out only after acceptable blank
values have been demonstrated. •

NOTE

Activities Involving manipulation of bulk asbestos shall not b«
performed in the same area as TEH specimen preparation, because of the
possibilities of contaminating th» TEH specimens.

7.3. IABOBATORX EQUIPMENT

7.3.1. Transmission Electron Microscope

A TEK operating at an accelerating potential of 80-120 kV,
with a resolution better than 1.0 «B, and a magnification range of
approximately 300 to 100,000 shall be used. The ability to obtain
a direct screen magnification of about 100,000 is necessary for
inspection of fiber morphology; this magnification nay be obtained
by supplementary optical enlargement of the screen image by use of
* binocular If it cannot be obtained directly. It Is also requir-
ed that die viewing screen be calibrated (as shown in Figure 7.1)
with concentric circle* and a. atllimeCer scale such that tha
lengths and widths of fiber images down to 1 mm width can be.
measured In Incretnanta of 1 urn.

For Bragg angles less than 0.01 radians, the TEM shall be
capable of performing ED from an area of 0.6 /an* or less, selected
from an in-focus Image at a screen magnification of 20,000. This
performance requirement defines the minimum separation between
particles at which independent ED patterns can be obtained from
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Figura 7.1: Calibration M?T^M"gf on the TEH Viewing Screen'



each particle. If SAED lc used, tha performance of a particular
Instrunent may normally be calculated using Che following
relationship:

A - 0,7854 x (D/M + 2000 x C.e5)*

fiber*: A « th* effective SAEO area in pa?
D - th* diameter of the SAED aperture In jim
M - the magnification of the objective lens
C. - the spherical aberration coefficient of tha

objective lens in am
9 — minima required Bragg angle in radians

.It is not possible to reduce the effective SAEO area
indefinitely by the use of progressively smaller SAED aperture*,
because there 1* a fundattaneal liaitation imposed by tha spherical
aberration coefficient of the objective lens.

If eone-axis ED analyses are to be performed, the TEH shall
incorporate a goniometer stage which permits the TEH specimen to
be either:

<a) rotated through 360*, combined with tilting through at
least +30* to -30* about an axis in the plane of the
specimen; or,

(b) . tilted through at least 4-30* to -30* about two
perpendicular axes in tha plane of the specimen.

the analysis !»'greatly facilitated if the goniometer
permits eucentrio tilting, although this is not essential. If
BDXA and tone-axis BO are required on the ease fiber, Che
goniometer shall b* of a type which permits tilting of the
speciwen and acquisition of EDXA spectra without change of
ap*ci»en holder,

Tha TEX shall have an illumination and'condenser lens system
capable of forming an electron ptoba smaller than 250 rm in
dieaeter.

Doe of an anti-contanination crap around the specimen is
recommended if tha required instrumental performance is to ba
oalntalned.

7.3.2. Energy Diapersive Z-ray Analyser

The TEW shall be equipped with an energy dispersive X-ray
analyzer capable of achieving a resolution bettor than 175 eV
(FURK) on the tlnK, peak. Since the performance of individual '
combinations of TEH and EOXA equipment ia dependent on a number of
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geometer leal factors, the required performance of the combination
of the TEH and X-ray analyzer is specified in terras of the
measured X-ray Intensity obtained from a fibre of email diameter,
using a known electron beam diameter. Solid state X-ray detector*
are least: sensitive In the low energy region, and so measurement
of sodium in crocidolit* shall be Che performance criterion. Tho
combination of electron microscope and X-ray analyser shall yield,
under routine analytical conditions, a background-subtracted NaK^
integrated peak count rate of more than 1 .count per second (cpo-)
Stoat a 50 ma diameter fiber of OICC croeidolite irradiated by a
250 nm diameter electron probe at an accelerating potential of
80 kv. The peak/background ratio for this performance test shall
exceed 1.0.

The EDXA unit shall provide the means for subtraction of the
background, identification of elemental peaks, and calculation of
background-subtracted peak areas.

7.3.3. Computer

Many repetitive numerical calculations are necessary, and
these may be performed conveniently by relatively simple computer
programs. For analyse* of zone-axis ED pattern measurements, a
computer with adequate memory ia required to accommodate the more
complex programs involved.

7.3.4. Plasma Ashar

For ashing of filters or particulate deposits washed from
filters, a plasms asher. with, a radio frequency povar rating of
100 W or higher, shall be used. The asher shall be supplied with
a controlled oxygen flow, and shall be modified. If necessary, to
provide a valve to control the speed of air admission so that
rapid air admission does not disturb the ashed particulate. It is '
reeoamended that filters be fitted to the oxygen supply and the
air admission line.

7.3.5. Filtration Apparatus

After re-dispersal of the ashed particular* in water,
the partloulate suspension Is filtered through a membrane filter
of 23 m diameter. A glass frit support is required in order to
obtain a uniform deposit on the filter. The reservoir muot be
easily cleaned In order to prevent sample cross-contamination. A
25 an analytical filter holder (Hilllpore Corporation, Cat, Ro.
XX10 023 00) or equivalent has been found to be suitable.

7.3.6. nitration Manifold

When a number of samples are to be filtered, several
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filtration units con be operated simultaneously from a single
vacuum sourco by using a multiple port filtration manifold
(Millipore Corporation, Cat. No. XX26 047 35 or equivalent has
been found to b« suitable). The manifold should include valvea to
permit each port to be opened or closed independently.

/»3 • 7 * VACttUtt Ptifltp

A pimp ia required to provide a vacuum of approximately 20
kPa for thfl filtration of water samples. A water jet pump
(Edwards High Vacuum Inc.. Grand Island, BY 14072, Cat. No.
01-C046-01-000-feaal« connection or 01-C039-01-000-mal« connection
or equivalent) has b«*n found to provide sufficient vacuum for a
3-port filtration nani-fold and also incorporates a non-return
valve Co prevent back-streaming.

7.9.0. Vacuum Coating Unit

A vacuum coating unit capable of producing a vacuum better
than 0.013 Pa shall be used for vacuum deposition of carbon on the
octabrano filters. A sample holder is required which will allov a
glass microscope slide to be continuously rotated during the
coating procedure. A mechanism which allows the-rotating slide
also to be tilted through an angle of approximately 43' during the
coating procedure ia recommended. A liquid nitrogen cold trap
above the diffusion pump may be used to mininlze the possibility
of contamination of the filter surfaces by oil froa the pumping
system. The vacuum coating unit may also be used for deposition
of the thin film of gold, or other calibration material, when it
is required.on TEM specimens as an internal calibration of ED
patterns.

7.3.9. Sputter Coafcer

A sputter coster with a gold target may be used for
deposition of gold on te TBM specimens as an internal calibration
of ED patterns. Experience has shown that a sputter coater allows
batter control of the thickness of the calibration material.

7.3.10. Solvent Hasher {Jaffe Washer)

The purpose of the Jaffe washer is to allow dissolution of
tb* filter polyaer vhile leaving an Intact evaporated carbon film
supporting .the fibers and other particles .from the filter surface.
One design of a vashor that has been found satisfactory for
various solvents and filter media ia shown in Figure 7.2. Several
acceptable variations have been described in the scientific
literature. When specimens are not being inserted or removed, the
p«tri dish lid should be In place. The washer should be cleaned
before it is uaed for each batch of specimens.
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CLASS PETRI DISH
( 100 mm STEEL M£SM

BRIDGE t SOmctht

7.2: Daslga of a Solvent: Washer (Jaffa Washer).
Solvent Is added ""«••* 1 the meniscus contacts the tmdarslde of
ti>e stainless ateel mesh



7.3.11. Condensation Vasher

For more rapid dissolution of the filter polymer, a
condensation washer, consisting of a flask, condenser and cold
finger assembly, with A heating mantle and neons for controlling
th* temperature nay be used. A suitable assembly Is shown in
Figure 7.3, and acetone should be used as the solvent for MCE
filters.

7.3.12. Slid* Warmer or Oven

Either a slide warmer or an oven shall be used for heating
slides during the preparation of Tfitf specimens. It Is required to
maintain a temperature of £5-70*C.

7.3.13. Ultrasonic Bath

An ultrasonic bath is required for cleaning of apparatus
used for TEH specimen preparation, and for re-dispersal of ashed
residues fron MCE filters,

7.3.14. Carbon Orating Replica

A carbon grating replica with about 2000 parallel lines
per an shall be used to calibrate the magnification of the
TEH.

7.3.15. Calibration Grids for EBXA

For calibration of the efficiency of the EDXA system,
reference silicate standard material must be used. The National
Institute for Standards and Technology (HIST) Standard Reference
Material (SEM) 2063 Is a sputtered thin film containing known
concentration* of magnesium, silicon, calcium and iron. Other
suitable calibration materials include riebecklce, chryeotile,
halloyslto, phlogopite, volla*tonlta and bustsnlte. The mineral
used for calibration of the BDXA ays ten for aodlun nust be
prepared using a gold TEM grid.

7.3.16. Carbon Rod Sharpener

Th« use of necked carbon rod*, or equivalent, allows the
carbon to be evaporated on to the filters without creating
sufficient heat to damage eh* filters.

7.3.17. Disposable-Tip Mlcropipettea

A disposable tip taicropipatte, capable of transferring a
volume of approximately 30 pL, is required for the preparation of
TEM specimen grids.
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ADAPTER

CONDENSER

SPECIMEN

COLD WATER
SOURCE

COLD ONCER

, WATER
DRAIN

THERMOSTATICALLY
CONTROLLED
HEATING MANTLE

Figure 7-3: Design o£ a. Condenaaclon ffaeher
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7.4. CONSUMABLE IABORATORY SUPPLIES

7.4.1. Glass Beakers

Borosilicate glass beakers of 100 mL capacity are
for ashing of filters and re-dlipersal of Ashed residua*.

7.4.2. Membrane Filters

For filtration of the particulata suspension*, two types of
filter are required;

(a) MCE filters of 0.1 fas pore size (Miilipore Corporation
VCWP 023 00 or equivalent) are used to collect the
particles from Che liquid suspension;

<b) MCE filters of 5 im pora olze (HiUtporo Corporation
StOP 025 00 or equivalent). Oae of these filters Is
placed between the glass frit of the filtration
apparatus and tha 0,1 /in pore size filter, in order to
ensure a uniform pardeviate deposit.

7.4.3. Copper Electron Microscope Grids

two-hundred raeah TEH grids are required. Grids which have
grid openings of uniform size such that they meet the requirement
of 10.A.2 should be chosen.

7.4.4. Gold Electron Hicroscope Grids

Two-hundred nesh gold TEH grids are required to mount TEH
specimens when sodium measurements are required in the fiber
identification procedure. Grids that have grid openings of
uniform size such that they meet the requirement of 10.4.2 should
ba chosen.

7.4.3. Carbon Rod Electrodes

Spactrocheoically pura carbon rods are required for use in
the vacuum evaporator during carbon coating of filters.

7.4.6. Disposable Tips for Micropipette

Disposable tips for a otlcroplpette are required for
measurement of 30 /ii volumes of the filter collapsing solution.



7.A.7. Routine Electron Microscopy Tools «n4 Supplies

Fina-point tveezora, scalpel holders and blades, microscope
slidas, double-coated adhesive tape, lens tissuo, gold wire,
tungsten filaments, liquid nitrogen, and other routine supplies
are required.

7.4.8. Reference Asbestos saonles

Asbestos saoples are required fox preparation of reference
TEK specimens of the primary asbestos minerals. The HIST SRM 1866
contains well-characterized »anple* of chryostlle, erooidollte,
and amosita, although compo»ltional data are not available for
these standards. The OICO set of minerals My be used a*
additional roforence aatexial*.
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8. RRACBHl'S

8.1. FRESHLY-DISTILLED WATER

"A supply of frwjhiy-dlstllled water must be available. The water
muflt be produced using on all-glo*« still. Any voter used for
re-dispersal of ash, or for final rinsing of glassware must have boon
distilled no longer than 24 hours prior to use.

8.2. DIMETHYL rO&UAHZDB, ANALYTICAL ORADE

8.3. GLACIAL ACETIC ACID. ANALYTICAL GRADE

8.4. ACETONE, AHALmCAL GRADE

8.3. HYDROCHLORIC ACID. ANALYTICAL GRADE ' ' "

WARNING - ttse the reagents In accordance with the
appropriate health and safety regulations.



9. AIR SAMPLE COILECTIOB

Sampling procedures for this method were developed in consideration of
and designed to bo compatible with the analytical requirements of this method
including, primarily, the need to achieve the desired analytical sensitivity.

Analytical sensitivity is a function of the volume of air sampled, the
active area of the collection filter, the dilution or concentration factor
introduced during specimen .preparation, and the area of the TEH specimen over
which asbestos structures are counted. If total airborne dust levels are
high, It nay be necessary to terminate sampling before the required volume has
been sampled. If this happens, the analytical sensitivity required can be
achieved only by counting structures over a greater area of the TEM specimen,
or by uce of a specimen preparation technique that incorporates some selective
concentration of asbestos structures relative to other partioulate species.
For example, depending on the nature of the suspended partlculate, a con-
centration factor up to about 2 may be possible for 25 am filters, if the
entire filter Is used in the analysis. Larger concentration factors are
possible for larger sample filters. In either case, the number of grid
openings to be examined vtll be proportionately reduced.

The number of grid openings that nnist be examined In order to achieve a
particular analytical sensitivity, without any selective concentration of the
asbestos structures, is shown in Table 9.1. An average grid opening size of
0.0081 on* is assumed in this table. However, grid opening sizes vary
depending on the manufacturer of the grid, When using this table to derive
the number of grid openings to be counted to achieve a defined analytical
sensitivity, the number of grid openings to bo counted must: be adjusted to
preserve the total areas represented. For example, if a volume of 5000 liters
of air is collected, the table Indicates that 96 grid openings oust be counted
to achieve an analytical sensitivity of 0.1 s/L. This corresponds to an area
of 0.78 ea? (96 x 0.0081). If the average grid opening size on another grid
is 80 pa. square, (resulting In an average grid opening area of 0.0064 on2),
then a total of 122 grid openings will have to be counted, to cover the same
area and achieve the same analytical sensitivity. Under no circumstances
should fever than & grid openings be counted.

The volume In liters required to achieve a specified analytical
sensitivity is calculated from the formula:

V - Aj/CR x A, X 9 X P)

where: A£ — Active area of sample collection filter in ran1

H - Number of grid openings to be examined. H shall be
rounded upwards to tha next highest integer

A, - Moan area of grid openings In mm2

S - Analytical sensitivity in structures/liter

F - Concentration factor.



Table 9.1 - Bxanplaa of the Minimum Nunber of Grid Openings Required to Achieve
a. Particular Analytics! Sensitivity

Analytical
sensitivity

B/L 2000

Volume of air sampled (liters)

5000 7000 10000 15000 20000

0.01
0.02
0.03
0.04
0.05
0.07

0.1
0.2
0.3
0.4
O.S
0.7

1.0
2.0
3.0
4.0
5.0
7.0
10.0

2377
1189
793
595
476
340

23d
119
80
60
43
34

24
12
8
e
S
4
4

931
476
317
238
191
136

' 96
48
32
24
20
14

10
3
4
4
4
4
4

680
340
227
170
136
98

68
34
23
17
14
10

7
4
4
4
4
4
4

476
238
139
119
96
68

48
24
16
12
10
1

5
4
4
4
4
4
4

317
159
106
80
64
46

32
16
11
8
7
5

4
4
4
4
4
4
4

238
119
80
60
48
34

24
12
8
6
5
4

4
4
4
4
4
4
4

NOTES

In this table, it ie aemiaed that the collection filter area is 383 turn2. there
la no concentration or dilution Introduced during •p*eiiura preparation, and the
TEK grid openings are 90 tm square.

For grid openings with dimension* other than 90pm square, the minima mmbor of
opening* to be counted should be adjusted by Che ratios of the squares of the
grid opening dimensions, such that the area of the TEH specimen examined remains
the BB
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Tho concentration factor F arises from tho fact that, when using an
indiroct specimen preparation technique, the fibers on a particular area of
the TEH specimen have usually been transferred from a different area of the
original sample collection filter. The concentration factor may correspond to
a concentration or a dilution of the original fiber density on the collection
filter. It la calculated from the ratio betfroon the areas of the original and
analytical filters, the volume of water used to re-dlaperse the ashed particu-
late, and the volume of the final dispersion used Co prepare the analytical
filtar. For the purposes of calculating the required volume of air to be
sampled in order -to achieve the specified analytical sensitivity when a direct
transfer preparation Is to be used, the concentration factor (F) is assumed to
ba 1.

9.1. REQUIRED SENSITIVITY

The required analytical sensitivities for characterizing environ-
mental samples Is established in section 4.3 as 0.5 s/L and 0.02 s/L for
asbestos structures of all sizes and asbestos structures longer than 5 pin,
respectivaly. Foe other applications of this method, different analytical
sensitivities should be established prior to saople collection. Air
volumes to be collected In this method are seloctad to provide the desired
analytical sensitivity when coupled vlth the counting of a manageable
number of grid openings.

9.2. AIR VOLUME

The sampling rate and the period of sampling shall be selected to
yield a* high, a sampled voluao as possible, which will minimize the
influence of filter contamination. Bharevar possible, a volume of IS
cublo meters shall be sanpled for those samples intended for analysis only
by the indirect TEH preparation method {Phase 1 sasrpies). For those
samples Co bo prepared by both the indirect and the direct specimen
preparation methods (Fhase 2 samples), the volume must be adjusted ao as
to provide a suitably-loadfrd filtar for the direct TEH preparation method
(Soft Section 4.2.1). It has been found that the volume cannot normally
exceed 5 cubic m«tx»rs in an urban or agricultural area, and 10 cubic
meters In a. rural area for samples collected on a 25 nun filter and
prepared by a direct transfer technique.

Prior to planning a sampling program, air volumes to be collected
should btt adjusted based on available information characterizing typical
local ISP concentrations (see Section 4.2.1). It has not proven possible
to judge the loading of filters in real tine during sampling so that
filters say easily become overloaded to the point were analysis by the
direct method becomes impossible. To minimize the potential that filters
will hava to ba rejected for analysis due to overloading, conservative
estimates of the, loading race based on typical TSP concentrations have
been developed so that an "optimum* volume of air per unit area of filter
may bo collected. However, because such estimates tend to be conservative
to avoid overloading, a fair percentage of the filters analyzed from such
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a sampling effort tend to be underloaded forcing a corresponding Increase
in analysis costs.

NOTE

One option la Co collect filters at several loadings to bracket the
estimated optimum loading for a particular site. Such filters can
be screened In the laboratory so that only those filters closest to
optimal loading are analyzed.

9.3. FLOW BATE

To remain within known constraints on filter face velocities as
, reported In Section 2.2, sn uppet llnlt to the- range of acceptable flow
rates for this method Is IS L/aln. In practice, available pumps that can
be used for environmental sampling at remote locations operate under load
at a nu^fmii. of approximately 12 L/rain. Consequently, the recommended
15 a3 of air 'for Phase 1 samples requires approximately 20 hours to
collect. Such pumps typically draw 6 amps at full power so that 2
lead/acid batteries should provide sufficient power to collect a full
sample. The lover volumes required for Phase 2 samples can be collected
in shorter periods with a corresponding reduction in stored energy
requirements. The use of line voltage, whoro available, eliminates the
difficulties associated with transporting stored electrical energy.

At many locations, wind patterns exhibit strong diurnal variations.
Therefore, Intermittent sampling {sampling over a fixed time Interval
repeated over several days) may be necessary to accumulate 20 hours of
sampling time over constant wind conditions. Other sampling objectives
also may necessitate intermittent sampling. The objective Is to design a
sampling schedule so that samples are collected under uniform conditions
throughout the sampling Interval. This method provides for such options.

9.4. SAHFLDJO PROCEDTOES

Before air samples are collected, unused filters shall be analyzed
as described in Section 10.6 to determine the mean background asbestos
structure count for the analytical procedure.

Air samples shall be collected using cassettes as described in
7.1.1. The cassettes used for sampling shall be new and unused. Sampling
shall be conducted with the cassette open-face. During sampling, the
filter cassette shall be supported on a stand so that It Is isolated from
the vibrations of the pump. The cassette shall be held facing vertically
dovnvards at a height of approximately 1.5-2.0 n above ground/floor level
and connected to the pump with a flexible tube. In many cases it will
likely be sufficient to collect samples with a short cassette, if
conditions dictate the need for additional protection, however, extension
cowls may be affixed to the front of tiie cassette. Such cowls must be
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constructed of electrically conducting material to minimize electrostatic
effects.

The sampling floor-rate should be measured at the cassette at tha
beginning and ac the end of the sampling period. Sampling equipment shall
be selected such that either the sampling flow race can be maintained to
within ± 10%, using a flow controller or critical orifice,1 or flow, rates
shall be measured at least every 4 hours. If at any time the measurement
indicates that the flov-rate has decreased by more than 30%, the, saapling
shall be terminated. The mean value of these flow-rate measurement^ shall
be used to calculate the total air volume sampled. After -sampling, a cap
shall be placed over the open end of the cassette, and the cassette packed
In a clean plastic bag for return to the laboratory. Field blank filters
shall also be included, as described in Section 10.6, and processed •
through the remaining analytical procedures along with the.samples.

Should intermittent sampling be required, sampling cassettes must be
covered between active periods of sampling. To cover the sampler: turn
the caasette to face upward, attach a rotameter to measure the flow rate,
turn off the sampling pump, and place the cap. To resume sampling: remove
tha cap, tun on the sampling pump, attach a rotaneter to measure the flow
rate, and Invert the cassette to face downward.
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10. ANALYSIS

10.1. umoDucnoir

". '; ' titters representing Phase"! eaoplea will lie prepared by tho
Indirect method. 'Filters representing Pno.se. 2 samples will ba split.
Half of t^he Phase 2 filters will be prepared by the Indirect method and a
quarter sector of the" filter will be prepared by 'the direct method.

. , . . . - - . - . - ' . • . • • >•• -j. * - • ' • ; . .. . • . • ,

10..1.1. "Indirect TEH Speclnen Preparation Method

* ' The Indirect method require* collection of participate from a
, large volume of air on a 0'.43 ftat pore size HCB filter. In this
procedure i half of the filter is ashed by treatment In .a low
temperature plasma asher/'and' the ashed residue Is re-disporsad In
distilled water. Immediately before filtration, the suspension of

> ' particles is acidified using hydrochloric acid, to remove any
acid-soluble species. The suspension' is filtered through a 0.1 pm
pore aj.se KG? filter; The' filter , Is collapsed using a mixture of
dimethyl formamlde, ace tic 'acid and water. A sector of the
collapsed filter is oarbon "coated, .arid. TBM specimen grids are
prepared from the carbon coated filter by the Jaffe washer
technique, u«lng dlaethyl fonuunide as the solvent.

Vsa of tho 0.1 ^m pore size membrane filter eliminate* tha
requirement for the plaoma etching step incorporated into both HIOSH
Method 7402 and the method of Bordett and Rood. In previous vork by
Chatfleld, Dillon and Stott, no e tat is tically- significant fiber
losses could ba detected when TEH grid* wera prepared fron 0.1 tm
pore size KCE filters without Including the etching step.

Indirect preparation of TEM opeciaens for detoraination of
aabestoa la particularly sensitive to problems of contamination by
extraneous asbestos. This method requires that vary low decoction
limits bo achieved so that control of extraneous asbectoe
contamination beoooei even more important. The ability to meat the
blank sample criteria la critically dependent on the cleanliness of
equipment and supplies. All supplies such as microscope slides and
glassware should ba considered as potential sources of asbestos
contamination. All solvents used should be filtered through a
0.2 IB* pore sieo filter or they should be distilled in a glass
still. Xt is necessary to wash all glassware before it la used and
the final washing of glassware should be performed using
freshly-distilled water. Any tools or glassware that com* into
contact with the air sampling filters or TEM specimen preparations
should be washed both before use and between handling of individual
samples. Basra possible . disposable supplies should be uaed.



10.1.2. Direct TEM Specimen Preparation Method

The direct: TEA specimen preparation method requires that the
air volume sampled oust not result in a filter that is over-loaded
by particulate, Particulate is collected on a 0.45 pa pore size MCE
filter. A quarter sector of the MCE filter is collapsed using a
aixtur* of dimethyl forwamida, acetic acid and water. The collapsed
filter ia etched fox a short tine in a low temperature plasma asher.
The collapsed and etched filter is carbon coated, and TEM specimen
grids are prepared from the carbon coated filter by the Jaffa washer
technique, using dimethyl fornamide aa the solvent.

10.2. PREPARATION OF TEM SPEdMEH GRIDS BY THE IHDIHKCT ME1HOD

10.2.1. Cleaning of Sample Cassettes

Asbestos can adhere to the exterior surfaces of air sampling
cassettes and tibia asbestos can be inadvertently transferred to the
sample during handling, to prevent this possibility of
contamination, and after ensuring Chat the cassette Is tightly
•sealed, wipe the exterior surfaces of each sampling eaaaacta vlth a
clean, wet paper towel before it is taken Into the clean facility or
laminar flow hood.

10.2.2. Aching of MCB Filter

Opon the filter cassette and remove tha MCE filter. Place the
filter OB a clean microscope slide and cut it in half, using a
curved scalpel blade. Return one half of the filter to the
cassette. Plae* the other half filter in the bottom of a 100 aL
glass beaker and covar the top of the beaker with a piece of
aluminum foil. Make approximately 8 1-2 mm perforations in the
aluminum foil. Completely ash the half filter in the low
temperature plasma aaher, using operating conditions as defined in
Appendix A.

10.2.3. Re-dispersal of Ashed Residues

After the filter has been completely ashed, remove the beaker
froB tho asher, odd 40 nL of distilled vator, and place the beaker.
In tha ultrasonic bath for a period of IS minutes. Using a
disposable plastic pipetto, odd 0.2 mL of concentrated hydrochloric
acid and stir the suspension. After addition of tha acid, place the
beaker in the ultrasonic bath for a period of 5 minutea. Filtration
of tha suspension must be performed immediately after the ultrasonic
treatment. Po%ar in the ultrasonic bath should be maintained below
0.1 watt/nL.



10.2.4. filtration of the Aqueous Suspension

The separation of suspended partioulat* by filtration of the
aqueous suspension through a membrane filter is a critical step in
the analytical procedure. The objective is to produce an analytical
filter on which the suspended solids from the sample ara distributed
uniformly, and at an acceptable loading for the microscopical
examination.

The volume to be filtered generally depends on either the
total suspended solids content or the asbestos structure
concentration of the sanple, and the intention is to prepare a
filter that has a loading not exceeding about 50 asbestos structures
per grid opening and vith a particular coverage not exceeding 10%
of the filter area. Santa judgment is required to achieve the
optimum loading and, if the asbestos concentration is very low, it
will btt found that the suspended solids concentration will limit the
volume that can be filtered. The maximum particulate loading on the
filter that can be tolerated is about 10 pg/cm3.

In practice, the best procedure for optimizing the loading on
the final filter is to prepare several filters using different
volumes of tha suspension. Any fraction of the 40 mL suspension
(prepared as per Section 10.2.3) any be selected as a unit for
filtration. For example, aliquots containing 1 ut,, 4 nL, 8 mL, and
20 nL fractions from the original suspension nay be used Co prepare
a series of increasingly loaded filters. However, if the con-
centration of suspended solids dictates that a very small volume of
the suspension be filtered, small volume aliquots need to ba further
diluted prior to filtering* Do not attempt to filter a volume of
less than 10 mL.

If aliquots smaller than 10 ML fron the original suspension
ara to be filtered, ic is difficult to ensure that a uniform deposit
of particular* is obtained on the filter unless the aliquot is first
diluted. Samples of high solids content, or of high asbestos
concentration, may require filtration of volumes less than 10 mL.
Such aliquots shall ba diluted with freshly-distilled water so that
the filtered volumes exceed the minimum of 10 mL. These dilutions
shall be node by transferring a known volume of tha sample (such as
an aliquot from tha original suspension) to a disposable plastic
beaker and making the volume up to a known volume with
freshly-distilled water. Tha mixture shall be stirred vigorously
before sub-samples are taken for filtration.

The following instructions for filtration must ba followed
precisely:

(a) Assemble the filtration base and turn on tha vacuum.
Tha upper surface of the filtration base (both tha glass

43



frit and tha ground mating surface) wist be dry before
the tt&ubrane filters' are Installed. Place a 3 jus pore
size MCE filter on the glass frit. If the filter
appears to become wet by capillary action on residual
water in the-glass frit it must'be discarded'and
replaced by another filter. Place a 0.1' (at pore size
MCE filter, smooth side facing up, on top of the 5 pn
fliter. - The''mating-Surface of. the reservoir component
of the filtration apparatus should be dried by shaking
off any surplus water and draining on paper towel or
tlseuft. Position the reservoir on the filters and
firmly clamp it, taking care not to disturb the filters.
The vacuum should not be released until the filtration
has been courplote'd.- ' • • *

It is necessary' to comment-ori the "use of filtration
equipment that Is' still wet after wash ing, since
improper procedures at thlfi point can seriously •
compromise the results. If the glass frit is wet when
the first filter Is applied to it, capillary action' will
result In some areas of -tho filter structure being
filled by water. Bhen the second, caaller pore size
filter is added and the vacuum is applied,' the
differential pressure across the 5 pm' pore size' filter
will be insufficient to' overcook the feurfaca tension of
the water In- the filled areas. 'Thus no filtration will
take place through the corresponding areas of the 0.1 pm
poro Size 'filter, 'and a grossly non-uniform deposit of
paxdcuLate will be -obtained. ';

(b) Add the required volui»e of sample to the'filtration
funnel. Disposable plastic beakers and pipettes provide
a means of measuring the sample voluaee without
introducing problems -of sample''cross-contamination'.' The
reservoir may not be sufficiently large to accommodate
tha total volume of liquid to be filtered/ - In this
oasfe, more of the sample- may be added' during the •'
filtration, but this should be' done carefully and only
when the-reservoir is more than half full. Ifa this way
the 'addition 'of'liquid: will not disturb or affect the
uniformity of particulate already deposited on the
filter. Do'not rinse the sides of- tie reservoir, and
avoid other manipulations which may disturb the ''•
partlculate deposit'on the filter. •

<c) Disassemble the filtration apparatus, and transfer the
0.1 fas pore sizs filter to* a labelled,' clean plastic
petti: dish. Place the cover loosely over the top of the
dish to limit-'any deposition-of material on the filter,
and allow the filter to dry. Discard tha 5' /MA-pore size
filter.- ' •' ' - '" '



10.2.3. Selection of Are* of Filter for Preparation

Using clean tweezers, and A clean, curved scalpel blade, cut
out a 90 degree sector of the filter while 1C is still in the
plastic petri dish.

10.2.6. Preparation of Solution for Collapsing HCB Filters

• Mix 35 mL of- diaothyl formamid*, IS nL of glacial acetic acid .
' with 50 mL of freshly-distilled water. Store this mixture in a
• clean bottle. : ' • •- • .

10.2.7. Filter Collapsing Procedure

Using « micropipette vitb a disposable tip, place
approximately 30 pL of the collapsing solution on a cleaned ,
microscope slide, and using the end of the pipette tip spread the •'
liquid over the- area to be occupied by the filter sector. Place the
filter aeotor, active surface upwards, on top of the solution,
lowering the edge of the filter at an angle of about 20 degrees so
that air bubbles are not created. Remove any solution not absorbed
by the filter by allowing * paper tlseutt to contact the liquid at
the edge of the filter. More than one filter sector may be placed
on ona.slide, and a laboratory blank -filter sector shall also be
prepared on each slide. Place the alide either on a

• thermostatically-controlled slide warmer at a. temperature of
approximately 65-70'C, or in an oven at the name temperature, for
about 10 minutes. The filter collapses slowly to about 15* of its
original thickness. The procedure leaves A thin, transparent
plastic flla adhering to the Microscope slide, with particles and
fibers eabedded in the upper surface. .

10.2.8. Carbon Coating o£ Filter Sectors

Place the glass slide holding the filter sectors on the
rotation-tilting device, approximately 10-12 en from the evaporation
source, and evacuate the evaporator chamber to a vacuum better than
0.013 Pa. The evaporation of carbon shall ba performed in very
short bursts, separated by some seconds to allow the eleecrodea to
cool. If evaporation of carbon is too rapid, the surface of the
filter may ba damaged. The thickness of carbon required is
dependent on the atze of particles on the filter, And approximately
30-30 nm has been found to be satisfactory. If the carbon film is
too thin, large particles will break out of the film during the
later stage* of preparation, and there will be f«w complete and
undamaged grid openings-on the speoinen. Too thick a carbon film
will lead-to a Tpt image which ii lacking in contrast, and the
ability to obtain SAED patterns will be compromised. The carbon
film thickness, should be, the •ininu* possible, while retaining most
of the §rld openings of the TEK soecineq intact.



10.2.9. Preparation of the Jaffa Washftt

Place several pieces of lens tissue on the stainless stool
bridge, and fill the washer with dimethyl formamide to a level where
tho laenitcus contacts the underside of the nuash, resulting in
saturation of the lens tissue. If it Is intended to complete the
washing of the specimens in the condensation washer, tho pieces of
lens tissua should be of such a size that they will fit on to the
stainless steel uaeh of the condensation washer cold finger. Three
TEM speoiwen grids shall be prepared front each of the coated
analytical filters, and for each of the analytical filters, three
new speciaen grids should be placed on to one of tha pieces of lens
tissue.

10.2.10. Placing of Specimens Into the Jaffa Washer

Using a curved scalpel blade, cut along the radius of the
coated filter sector, approximately 1 m* from the edge. Discard the
thin strip of coated filter, which usually exhibits signs of edge
effects introduced during the collapsing procedure. Starting from
the freshly-cut edge, cut three approximately 3mm square pieces of
the coated filter. Select three squares to represent the center and
the outer periphery of tho active ourfaco of the filter. Place each
square of filter, carbon aide up, on one of the TEM specimen grids
already on the lens tissue in tha Jaffa washer. Cover the Jaffa
washer with the lid, and allow the vastier to stand. Specimens are
normally cleared after approximately 4 hours.

10.2-11. Bapid Preparation of IBM Specimens Fron HCB Filters

An alternative washing procedure may be used to prepare TEM
specimens from MCE filters more rapidly than can be achieved by the
Jaffa washing procedure. After the specimens have bean washed in a
Jaffa washer for approximately 1 hour, transfer the piece of lens
tissua supporting tho specimens to the cold finger of a condensation
washar operating with acetone as the solvent. Operate the
condensation washer for approximately 30 minutes. This treatment
removes all remaining filter polymer.

10.3. PBEPAHATIOM OF TEH SPKCBffiH CHIOS BY THE DIRECT METHOD

10.3.1. Cleaning of Sample Cassettes

After ensuring that the cassette is tightly sealed, wipe the
exterior surfaces of each sampling cassette with a clean, vet paper
towel as described in 10.2.1 before it is taken into the clean
facility or laminar flow hood.



10.3.2. Selection of Area of filter for Preparation

Using clean tweezers, remove the MCE filter froa the filter
cassette, and cut A sector as described in 10.2.5.

10.3.3. Filter Collapsing Procedure

Collapse the filter sector as described in 10.2.7.

10.3.4. Plasma Etching of the Filter Surface

Tha conditions required in a particular plasms ashor shall
first be established using the procedure defined IB Appendix A.
Place the microscope slide holding the collapsed filter sectors in
the plactta asher, and etch for the tine and under the conditions
determined. Care should be taken to ensure that tho correct
conditions ar* used. After etching, admit air slowly to the chanfcer
and remove the microscope slide.

10,3,3. Carbon Coating of Filters

Carbon coat the microscope slide holding the collapsed filter
portions as described in 10.2.8.

10.3.6. Preparation of the Jaffe Washer

Prepare the Jaffe vasher as described in 10.2.9.

10.3.7. Placing of Specimens into the Jaffe Va*her

specimens in the. Jaffe washer as described in 10.2.10.
Specimens are normally cleared after approximately A hours.

10.3.8. Rapid Preparation of TEH Specimens frost MCE Filters

The alternative rapid washing procedure, described in 10.2.11,
may be used to prepare TEH specimens from MCE filter* noro rapidly
than can be achieved by the Jaffe washing procedure.

10.4. CRITERIA FOR ACCEPTABLE TEM SPECIMEN GRIDS

ExMDina the TEX specimen grid in the TEM at & magnification
sufficiently low (300-1000) so that complete grid openings can be
inspected. Reject the grid if;

(a) the TEH specimen has not been cleared of filter medium by the
filter dissolution step. If the TEM specimen exhibits area*
of undlssolved filter medium and, If at loast two of the three
specimen grlda are not cleared, either Additional solvent
washing shall be carried out or new specimens shall be
prepared froa the filter;



(b) the sample is over-loaded with particulars. If the specloan
grid exhibits more than approximately 10% obscuration on the
majority of the grid openings, the specimen will be designated
as over-loaded. This filter cannot be analyzed satisfactorily
because the grid ia too heavily loaded with debris to allow
separate examination of individual particle* by ED and EDXA
and obscuration of structures by other particular would lead
to under-estimation o£ the structure count;

(o) the particnlate deposits on the specimen are not uniformly
distributed from one grid opening to the next. If the
particulate deposits on the specimen are obviously not uniform
from one grid opening to the next, the specimen will be
designated as non-uniform. This condition ia caused either by
use of an unsatisfactory procedure for the water filtration or
it is a consequence of the fundamental nature of the airborne
particulate. Such a filter cannot be analyzed satisfactorily;

(d) tho TBK grid is too heavily loaded with asbestos structures to
make an accurate count. Accurate counts cannot be made if the
grid has more than approximately 7000 asbestos structures/mm*;
or,

(e) leas than approximately 75% of tho grid openings have unbroken
carbon film over die whole grid opening. Since the breakage
of carbon film is usually more frequent in areas of heavy
deposit, counting of the intact openings can lead to an
underestimate of the structure count. An additional carbon
coating nay be applied to the carbon coated filter and new
specimen grids prepared. The larger particles can often be
supported by using a thicker carbon fila. If thie action does
not produce acceptable specimen grids, this filter cannot be
analyzed and a filter prepared with a lighter loading of
particulate should be selected.

If any one or more of the conditions described In (b), (c). (d) or
<e) exists, the specimen grids cannot be analyzed.

10.5. TBOC2DDBB FOR. STRUCTURE COTOJTIUG BY TIQt

10,5.1. Introduction

The TEH examination consists of a count of asbestos
structures, which are present on a specified number of grid
openings. Asbestos structures are classified into groups on the
basis of morphological observations, ED patterns and EDXA spectra.
The total number of asbestos structures to be counted depends on the
statistical precision desired. In the absence of asbestos
structures, the area of the THi specimen grids which must be
examined depends on the analytical sensitivity requirod. The



precision of the asbestos structure count: depends not only on the
total number of asbestos structure* counted, but also on their
uniformity from one grid opening to the next. Additional asbestos
structure counting will be necessary if greater precision la
required.

In order that tho estimate of the asbestos structure density
on the sampling filter shall not bo based on the asbestos structure
deposits found within the small area represented by on* specimen
grid, grid openings shall b* examined on at lease two of the thrco
specimen grids prepared. The results shall then be combined in the
calculation of the asbestos structure density. Structure.counts
shall be made at a magnification of approximately 20000,, and will bo
terminated at the number of asbestos structures as defined below,
except that the count shall be continued until a minimum of 4 grid
openings have, been examined. Otherwise, the asbestos structure
count shall continue to that number of grid openings at which the
specified analytical sensitivity has been achieved.

10.5.2. Measurement of Mean Grid Opening Area

The grid opening area shall be measured for the type of TEX
specimen grids in use. This may be performed either on an optical
microscope at a calibrated magnification of about 400, or at a
calibrated magnification in tho TEH. A mean value for the grid
opening dlaenslons may be used if this value can be shown to be
sufficiently precise. If a mean value is used, the standard
deviation of the mean of 10 openings selected randomly from each of
10 grids shall be less than 5%. Alternately, the dimensions of one
grid opening on each of the grida examined shall be measured and the
mean of these used in the calculations for tho particular analysis.

Values for the nuaber of grid openings to be counted to
achieve a desired level of sensitivity (Table 9.1) will be adjusted
based on the average grid opening size derived in this section. The
procedure for performing the conversion is presented in a note at
the bottom of Table 9.1,

10.5.3. TKK Alignment and Calibration Procedures

Before structure counting is performed, align the TEH
according to instrumental specifications. Calibrate the TEM and
KDXA system according to the procedures described In Appendix B.

10.5.4. Determination of Stopping Point

Before structure countlTjg 1» coonenoed, the area of specimen
to be examined in order to achieve the required analytical
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f
sensitivity shall be calculated. The maxlmua number of grid
openings to bft examined shall be calculated froa the formula:

N - x V F)

where:

H - Number of grid openings to be examined. N shall
he rounded upwards to the next highest integer

Ac - Area of collection filter in ran*
A, - Area of TEH specimen grid opening in mm1

V - Volume of air sampled In liters

3 - Required analytical sensitivity in
asbestos structures/liter

F - Concentration factor.

The concentration factor F arises from Che fact that the
asbestos structures on a particular area of the TEH specimen have
usually been transferred from a different area of the original
sample collection filter. The concentration factor nay correspond
to * concentration or a dilution of the original asbestos structure
density on the collection filter. It Is calculated from the ratio
between tha areas of the original and analytical filters, the volume
of water used to re-disperse the ash, and the volume of the final
dispersion used to prepare the analytical filter. F IB calculated
from tile following formula:

F - A. x

where:

A» - Area of filter ashed
Af - Area of analytical filter
Vc - Volume of water used Co re-disperse ashed parciculaco
Vt m Volume of dispersion filtered through analytical filter

10.S.S. Central Procedure for Structure Counting and Size Analysis

Use at least two speclnen grids prepared from the filter in
tiie structure count. Select at random several grid openings from
each grid, and combine the data in the calculation of the results.

Use a form similar to that shown in Figure 10.1 to record tha
structure counting data. Insert the first specimen grid into tha
TEK. Select a typical grid opening and set the screen magnification
to the calibrated value (approximately 20,000). Adjust the sample
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height until the features in the center of the TEH viewing screen
axe at the euoentrtc point. Set the goniometer tilt angle to zero.

In column 1 of the structure counting form, record the
sequential number of the grid opening. Position the specimen so
that the grid opening ia positioned with one corner visible on the
screen. Move the image by adjustment of only one translation
control, carefully examining the sample fox asbestos structures,
until the opposite side of the grid opening is encountered. Move
the image by a pre-datermlned distance less than one screen
diameter, using the other translation control, and scan the image in
the reverse direction.. Continue the procedure in this manner until
the entire grid opening has been inspected In a pattern similar to
that shown in Figure 10.2:

When a fibrous structure is detected, assign a sequential
number In coluon 2, perform the Identification procedures required
as dotailad in Appendix D, and enter the appropriate compositional
classification on the fiber counting fora in column 3. Assign a
morphological classification to the structure according to the
procedures in Appendix C, and record this ia column 4. Measure on
the TEH viewing acraan the length and width of the iaage of each of
the components of the fibrous structure in mm and record thaso
measurements in columns 3 and 6 of the structure counting fora.

If fibrous structures are present that are of obvious
biological origin ox that are determined to be non-asbestos, record
data for a minimum of the first 10 such structures; further
recording of data from non-asbestos structures is optional. After a
fibrous structure has been examined and measured, re-locate the
original field of view accurately before continuing scanning of the
specimen. Failure to do this nay cause asbestos structures Co, be
overlooked or counted twice. The point at which the examination is
to be ta-cminatod depends on the specimen, and is defined by either
(a), (b) or (c) belo»:

(a) for Phase 1 samples, which have been prepared by the indirect
TQt specimen preparation method only, complete the examination
at the end of the grid opening on which the 50th asbestos
structure is cotmted;

(b) for Phase 2 samples, which have been prepared both by the
direct and indirect TEM specimen preparation methods, complete
the examination at the end of the grid opening on which the
100th asbestos structure ia counted; or

(c) for either of the sample types, until the number of grid
openings required to achieve the specified analytical
sensitivity for asbestos structures of all lengths, calculated
according to 10.5.ft, have been inspected, whichever occurs



TEH field of vi

First pass

Second pass

Grid opening

Figure 10.2: Scanning Procedure for TEH Specimen Exulnatloa
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£irst. The data shall be drawn approximately equally from the
two grids. Regardless of the value calculated according to
10.S.4, asbestos structures shall be counted on a minimum of 4
grid openings. Table 10.1 presents a summary of the counting
requirements fox Phase 1 and Phase 2 samples.

(d) Only those structures that are Identified as, or are suspected
to be, either chrysotile or one of the aaphibole minerals,
will be included in either the original or the extended
structure count. Other materials, such as gypsum, cellulose
fibers, and filter artifacts such aa undissolved filter
strands, will not be included In the structure count. This
restriction is intended to ensure that the best statistical
validity is obtained for the materials of interest.

10.5.6. Measurement of Concentration for Asbestos Structures
Longer than 5 pa

To increase the statistical validity of the measurement, this
nathod requires that an extended count be dado of those asbestos
structures with aspect ratios equal to or greater than 5:1 and
longer than 9 fun. This separate structure count takes account only
of the asbestos structures longer than 5 pu, and scanning of the TEH
spacitteQ shall be performed using a magnification of approximately
10,000.

Measurement of the asbestos structure lengths shall he
performed at a magnification of 10,000, but asbestos structure
diameters shall be measured at A magnification of a minfimmi of
20,000. For Phase 1 sampIBB, which have been prepared by indirect
transfer only, Che count is continued until either 50 asbestos
structures have been recorded or aa area of specimen has been
examined that achieves the specified analytical sensitivity for
asbestos structures longer than 5 pm. For Phase 2 samples, which
have been prepared both by indirect and direct transfer, the count
is continued until either 100 asbestos, structures have been counted
or an area of specimen has been examined that achieves the specified
analytical sensitivity for asbestos structures longer than 5 pm.
Table 10.1 presents a summary of the counting requirements for
Phase 1 and Phase 2 saaplea.

Only those structures that are Identified as, or are suspected
to be, either chrysotila or one of the aophibole minerals, vill be
reported in either the original or the extended structure count.
Other Materials, such as gypsum, cellulose fibers, and filter
Artifacts such as undissolved filter strands, vill not be included
in the structure count. This restriction is Intended to ensure that
the best statistical validity is obtained for the materials of
interest.
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TABLE 10.1
(continued)

MOTES:

Phase 1 samples will be prepared by the indirect technique. Filters from
Ehe.sc 2 samples will bo spile. Half will be prepared by the indirect technique
and halC will be prepared by the direct technique. Note that the required
sensitivity for the Fhaso 2 samples is higher than chat necessary for the Phase
1 saaples. Consequently, it la assumed thai: 20 structures need to be counted
for phase 2 samples At a minimum.

The information presented in this table is derived from the equation presen-
ted in the Section 10,5.A assuming that Aj - 385 mm?, A, - 0.0081 m&, F - 1, and
that 10 structures will have to be counted for statistical significance. Based-
on a review of reported background concentrations and typical concentrations
encountered in previous studies, it Is also assumed that the critical
concentration for total structures is 5.0 structures/liter and the critical
concentration for structures longer than 5 micrometers is 0.2 structures/liter.

During any site Investigation, it will likely ba necessary to characterize
both ambient air concentrations and concentrations of asbestos associated with
specific hunan activities. Although the method is designed for ambient
conditions, it will be possible to adapt It to activity specifio sampling by
accounting with some adjustment for expected differences in conditions between
the two types of samples. The principle difference likely is that a much higher
concentration of non-asbestos particulates will likely be contained in air
sampled In association with specific, dust-generating activities. As a
consequence, the estimated values for maximum tolerable air volumes presented in
section 4.2.1 of the text can not be applied to activity specific sampling and
some measure of TSF will have to be provided to derive alternate sampling
volumes, thus, "TBD" means: to be determined.

It must be emphasized that the volume of air recommended for collection in
each of the environmental settings listed represents a conservative estimate
(based on published data) of the TfM1n""« that can be collected and still allow
analysis without overloading the filter. If additional information, regarding
the local average concentration of ambient TSP, air volumes to be collected In
any of these settings should be optimized accordingly.

To achieve the desired analytical sensitivity, the numbers of grid openings
required for counting (aa presented in this Table) nay either be distributed
over a set of specimen grids prepared from a single sample or a larger set of
specimen grids prepared from several samples collected in a manner assuring that
the samples are appropriately homogeneous (see Section 4.3 of the Technical
Background Document, Part 2 of this report).
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10.S. B1AHK AND QOALITI CODTBOL DRTEHMINATIONS

Before air samples are collected, a ainlmum of 2 unused 0.45 jia pore size
MCE .filters from each lot of 100 filters shall be sectioned and analyzed
both by the Indirect: and the direct transfer procedure to determine the mean
background asbestos structure concentration. If the mean concentration for
all types of asbestos structure*, expressed as the concentration per unit
area of the sample collection filter, la found to be icore. than
10 structures/tan*, the reasons for the high blank values shall ba datemlned
and the situation corrected before air soaples are collected.

To ensure that contamination by extraneous asbestos structures during
specimen preparation is insignificant compared with tho results reported on
samples, it is necessary to establish a continuous program of blank measure-
ments. The number of field blanks incorporated into the program shall be at
least 10% of the total number of saaples, and all of these shall be
analyzed. In addition, one unused 0.1 im pore size filter shall be included
with every group of saaples prepared on one microscope slide.

It is further recommended that laboratory blanks he collected intermit-
tently at all critical phases of the laboratory program. For example, in
addition to the filter blanks and field blanks, suspension blanks should be
prepared by subjecting a clean ashing tubs to the asher, rinsing the tube
and completing the standard indirect preparation on the "clean" rinse.
Other blanks may be constructed to test for the potential introduction of
contamination at other phases of the process. Such blanks need not be
analyzed but nay be stored to provide a chain for trouble-shoo ting should a
problem with contamination occur.

Initially, and also included at random points in the sampling program, it
la necessary to ensure that samples of known asbestos structure
concentrations can be analysed satisfactorily by this procedure. There are
•any opportunities in the procedure for a low recovery to bo obtained, and
the recovery must be measured frequently, particularly if more than one
laboratory performs the analysis. Reference filters of known concentration
will be Incorporated, and shall constitute a ainlmum of 3» of the total
analyses. These reference filters shall not be identified to the analytical
laboratory prior to the analysis of any group of samples. The results of
these reference analyses shall not differ ae the 3* significance level froa
the neon value obtained by a selected group of experienced laboratories.

Since there is e subjective component in the structure counting procedure,
it is necessary that re-counts of some specimens: be made by different
oicroscoplsta, In order to minimise the subjective effects. Such recounts
provide a means of maintaining comparability between counts made by
different mioroscopists. Variability between and within mleroscoplsts and
between laboratories shall be characterized. These quality assurance
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ueasurements shall constitute a minimum of approximately 10% of the
analyses. Repeat results should not differ at the 5* significance lavel.

10.7. CALCDIATIOH 07 RESULTS

PriorCalculate the results ueing the procedures detailed In Appendix E.
to the TEH examination of the specimens, the level of analysis vac
specified. Before the results are calculated, the compositional and
morphological classifications Co be included in the result shall bo
cpoclfiod, The chi-squared uniformity test shall bo conducted using, the
nuaber of isolated asbestos structures (Individual entities) found on each
grid opening, prior to the application of the cluster and matrix counting
criteria, the concentration result shall b* calculated using the numbers of
asbestos structures reported after the application of the cluster and matrix
counting criteria.
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11. PgREORMAMCR CHARACTERISTICS

11.1. INTBRFKREKCBS AHD LIMITATIONS OF STRUCTBRa IDEHTIFICAWQH

Unequivocal identification of every chrysatile structure is not possible,
du* to both instrumental limitations and the nature of some of the component
fibers. The requirement for a calibrated ED pattern eliminates the pos-
sibility of an Incorrect identification of the atrueturn selected. However,
there Is a possibility of nisidentiflcation of other cbrysotile atrue euros
for which both a morphology and ED pattern are reported on the basis of
visual inspection only. The only significant possibilities of
mis identification occur with halloysito, vtsrmiculit* scrolls or
palygorskite, all of which can be discriminated from chrysotlla by the use
of EDXA and by observation of the 0.73 nm (002) reflection of chrysotile in
the ED pattern.

As In the case of chrysotile structures, complete identification of every
aaphibole structure is not possible due to instrumental limitations and the
nature of some of the component fibers. Moreover, complete Identification
of every anphibole structure is not practical due to the limitations of both
tine and cost. Particles of a number of other minerals having compositions
similar to those of sooe auphlboles could be erroneously classified as
omphibole when the classification criteria do not Include zone-axis ED
techniques. However, the requirement for quantitative EDXA measurements on
all structures as support for the random orientation ED technique makes
aiaidentification very unlikely, particularly when other similar structure*
in Che same sample have been identified as asphibole by zona-axia methods.
The possibility of misidentification Is further reduced with increasing
aspect ratio, since many of the minerals with which amphibol« aay be
confused do not display Its prominent cleavage parallel to the c-axis.

11.2. PRECISION AND ACCURACY

11.2.1. Precision

The analytical precision that can be obtained is dependent upon the
number of structures counted, and also on the uniformity of the
partlculato deposit on .the original filter. Assuming: that the structure*
are randomly deposited on the filter. If 100 structures are counted and
Che loading la at least 3.5 fibers/grid opening, computer modeling of th«
counting procedure shows that a coefficient of variation of about 10% can
be expected. As the number of structures counted decreases, the precision
vill also decrease approximately ae ,/N, where N is the number of
structures counted. In practice, particulate deposits obtained by
filtration are rarely Ideally distributed, and it la found that the
precision is correspondingly reduced from that predicted by the Foiason
distribution. This degradation is a consequence of;
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(a) non-uniformity of the filtered partrlculate deposit;

(b) distortion of the structure distribution by application of the
structure counting criteria;

(a) variation between aicroscopists in their interpretation of the
fibrous structures; and,

(4) variation between mieroscopists and inatruuAnts in their
ability to detect and identify structures.

The 95% confidante interval about the mean for a single structura
concentration m&asureetant using thla analytical net&od should be about
±25* vhan about 100 structures are counted.

11.2.2. Accuracy

There is no independent method available to determine accuracy.

11.3. ANALYTICAL SEHSZTZVI1T

Analytical sensitivity is the concentration corresponding to observation
of on» asbestos structure in on analysis. Tho analytical sansltivity of the
method can be varied by choice of the area of the collection filter, the
volume of air sampled, tfao dilution or concentration factor used in the
specimen preparation and the area of the specimen exaalned in the TEK. The
analytical sensitivity shall be quoted for each sample analysis.

NOTE

In practice, the lowest achievable value of analytical sensitivity
is frequently determined by the total suspended partlculate
concentration in the air sample, since each particle on the TEM
specimen oust be separated from adjacent ones by a sufficient
distance that tfaa particle can be identified without interference.
Partlculate loadings on filters greater than about 25 pg/cm* usually
preclude preparation of TEK specimens.

If the analysis Is to be performed with an acceptable expenditure of
tiae, the area of the specimen axamlnad in the TEM must also be
Halted. The analytical sensitivity that can be achieved for any
particular sample depends on the air volume, the area of TEM
specimen examined, and the dilution or concentration factor used, in
the analysis, which in turn is controlled by the amount of
partlculata that is not removed by the selective concentration
procedures.
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11,4. LIMIT 0? DETECTION

Should asbe4t0s.be observed during analysis, It it generally importune Co
distinguish,whether such asbestos originated in the saopled radius or if it
was introduced as contamination during analysis. Asbestos that eon be
attributed to the sampled nediua is generally considered to have been
"detected". Thus, a detection limit is defined as the smallest measurement
that is unlikely (probability leas than a specified value) to be due
entirely to contaaination from sources other than the air being sampled.
Detection limits are generally quantified by considering the magnitude and
frequency of occurrence of the analytical background associated with a
particular method. However, detection limits for asbestos methods ara
difficult to quantify because the distribution of analytical background
associated with asbestos analysis tends to be poorly behaved.

To avoid the problems typically associated with defining a detection limit
for asbestos analysis, an alternate procedure for distinguishing sampled
asbestos from contaaination due to analytical background has been
incorporated into this method1. A statistical tost is performed to compare
structure concentrations observed on sample filters with structure
concentrations observed on appropriate blanks to deternine whether
differences between the concentrations observed on tho two sets of filters
ara statistically significant.

BOTB

Due to eha difficulty in characterizing contributions to observed aabesto*
on Individual samples fron contamination introduced as analytical
background, tests to distinguish "detected" asbestos from such
contamination are batter applied to groups of saaplu. Ad justBents to ,
account for analytical background axe not recoouended for individual
a snip lea.

A decoction limit is more appropriate for analytical methods that
employ vet-chemical or speotroscopic techniques rather than
structure counts (as in the case of asbestos) because the former
are invariably associated with a lower limit to .the amount (number
of molecules) that can b* detected. For asbestos, however,
analysis by TEH is sufficiently sensitive to detect the smallest,
single asbestos structure. Thus the issues involved in setting
detection limits for TEK analyses of asbestos structures are quite
different than from those involved with detecting populations of
molecules such aa in gas chroaatograph-nass sp«ocrometry (OC-MS)
analyses, for example.
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12. REEORTIHC

Reporting requirements for Che laboratory include the individual documen-
tation for each sample (sample analysis report) and th» cuoulatlve report for
any batch of snap lea from a particular study. Tho structure counting form to
ba, used by the analyst w^s presented in Figure 10.1. Required data reduction
by the si to data reviewer is presented at the end of this chapter. Section
12.3. It is critical that the following documentation requirements be
followed exactly to preserve the ability to interpret: results without the need
to re-examine samples.

12.1. SAMPLE AHALYSIS REPORT

The sample analysis report for each sample shall include at least the
following information:

(a) reference to this analytical method;

(b) identification of the air sample and the batch number of the
collection filter used;

(o) the dates and times of the air sample collection period;

(d) the volume of air passed through the sample collection filter, the
area of filter used for the sample preparation, the volume of vatar
used for re-dispersal, the batch number of the filters used for
filtration of the aqueous suspension, and, for tha set of TEH
specimen grids examined. the volume of the aliquot used in the
aqueous suspension filtered;

(e) a complete listing of the structure counting data. The dimensions
of the TEH grid openings shall be specified, and for each asbestos
structure (or structure component) the following data shall be
included: grid opening number, structure number, identification
category (morphological classification) . structure type .(composi-
tional classification}, length and width of the structure in fta, and
any comments concerning the structure;

(f) a statement of the minimum acceptable identification category and
die maximum identification category attempted;

(g) a statement specifying which identification and structure categories
have been used to calculate the concentration values;
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(h) separata concentration values for chrysoelle and amphibola struc-
curesj expressed in asbestos atruetuxes/11tor*;

(1) separate concentration valu«s for chrysotile and amphibola atrueeuro
components, expressed In asbestos structures/liter*;

(J) the 95% confidence limits for the concentration values, expressed In
asbestos structures/liter;

<fe) the analytical sensitivity, expressed in asbestos structures/liter;

(1) compositional data for cbe principal varieties of amphibole, if
present;

<ra) learns d - 1 for the separate count of asbestos structures longer
Chan 5 ̂ a;

An example of a suitable fornat for the structure counting data is shovn
in figure 12.1.

ROTE

As Improved definitions of the dimensions of asbestos structures critical
to the determination of risk become available, the reporting requirements
for this method may be modified accordingly. At the sane tine, sufficient
information is preserved in these reporting requirements to allow later
re-evaluation of existing analysis results without the need to re-exattine
the original sample.

12.2. SAMPLE BATCH REPORT

In addition to the sample analysis report for each sample, a summary page
should be provided for each batch of samples representing an entire project.
The summary sheet should Include Che following Information:

(a) project title;

(b) date samples received and data results reported;

(e) a summary listing of sample results with chrysotile and amphibola
reported separately including:

the •aapla number;

If asbestos is not detected during a particular analysis, the
resulting mean concentration for that sample should be reported as
"HF" for "not found",
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tho analytical sensitivity for each size tango characterized
{structures of all sizes and structures longer than 5 ran)

the total number of structures counted;

the concentration of asbestos structures of all sizes In
structures per liter with Appropriate 95% confidence liaits;

the concentration of asbestos structure components in struc-
tures p«r liter vtA appropriate 95% confidence limits;

the concentration of asbestos structures longer than S /on in
structures par liter with appropriate 95* confidence limits;

the concentration of asbestos structure components longer than
5 faa. in structures per liter with 95% confidence limits;

A sample summary shftftt is presented in figure 12. 2<

12,3. DATA. REVIEW BEPOHS!

Once the Sample Batch Report is received from the laboratory, £he
following reporting procedure wj.ll be performed by the project data
reviowor. The data reviewer shall provide a summary sheet reflecting
specific steps la data reduction. The summary data sheet shall include the
following information:

(a) the sample number;

(b) tha type of sample <lah blank, fiold blank, saerpling station
identifier) ;

(e) the analytical sensitivity for each size fraction reported
(structures of all aiz*» and a true tares longer than 5 >un) ;

(d) eh* number of total structures counted; .

(a) tho concentration of asbestos structures of all sizes in structures
per liter with 93% confidence Units;

(£) the concentration of asbestos structure components in structures per
liter with 95ft confidence limits;

(g) ths conoontretian of aabeato* structures longer than 5 fiat in
structures per liter with 93% confidence limits;

(h) tha concentration of asbestos structure components longer than 5 /«»
in structures per liter with 93% confidence limits j

(i) the ratio of free asbestos fibers to total asbestos structures;
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SAMPLE ANALYSIS I8FORMAIION (Page 1)

Laboratory name Roporc number Date

SAMPLE: 43$ Queen ScreeC
San Diego
Downwind sample 1988-09-25
Collected: 8 a.m. to 4 p.a

ANALYSIS: None of method
Reference to method

Air volume:
Area of collection filter:
Area of filtor ashed:
Voluna of water used for re-dispersal:
Volume of suspension filtered;
Area of analytical filter:
Magnification used for fiber counting:

Mean distension of grid openings:

12500.0 liter*
38S.O turn*
96.3 mm2

40.0 oL
35.0 oL
199.0 mf

20500 (high magnification)
10200 (low magnification)

90.0 pa

High ftfagntf l

Hunber of grid openings examined:
Analytical Sensitivity:
Nuaber of tthrysotile structure* counted:
ftasber of chrysotlle structure components counted:
tftutber off amphibole structures counted:
Number of emphibole structure components counted:

38
0.5

6) (including F, H, C and B)
91
12 (F only)
12

Nunber of grid openings ezrained: 337
An«lyeical senaitivity: .- 0.02 a/1,
Nuabse of long chrysotile •truotuveK counted: 3 (B «nd C)
Number of long chrysotlle struceure components cotmtad: 14 .
tfUMber of long aophlbolo atruoturos counted: 0
Hunbar of .long aaphibole structure components counted: 0

SOTES: Only structurea with oosponenti longer than 3pm counted during
the low magnification scan.

Figure 12.IA; Format for Reporting of Counting Data, Page 1
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SAMPLE ANALYSIS I8FORMATIOH (Page 2)

Laboratory name Report number Date

SAMPLE: 456 Queen Street
Son Diego
Downwind saople 1988-09-25
Collected: 8 a.m. to 4 p.m.

ANALYSIS: Name of method .
Rsferenca to method

Concentration of
Concentration of
Concentration of
Concentration of
Concentration of
Concentration of
Concentration of
Concentration of

chrysotile structures:
chxysotiltt structure oonponants:
long chrysotlle structures:
long chrysotile structure components:
amphibole structures:
amphibole structure coaponents;
long aztphibola structures:
long onphibole structure components:

Mean
<s/L>

31.3
43.3
0.06
0.28
6
6
NF
NF

95%
Confidence
Limits

24
37
0 -

t>.16
3.x
3.1
0 -
0 -

- 38
- 54
0.12
- 0.4
- 8.9
- 8.9
0.07
0.07

NOTES: NF naans Hot Found

Long structures
length.

structure conponents are those greater than 5pm in

Figure 12.IB: Format for Reporting of Counting Data. Page 2



TEH ASBESTOS COOOT - RAW DATA (Fago 3 and higher)

Classification codas listed in Tables 01 And D2

12.1C: Format for Reporting Cotmting Data, Pago 3 and Subsequent Pag«»



Botch 8:
Project:
Lab:
Date:

Sample Medium:
Analysis Type:
Preparation Technique;

Sample ID.
Date Received:

Structures cora
Structure conce
Mean

Range

Analytical sent

Components cc
Component cor
Mean

Range

Analytical seas

Long structnxej

Long structure i
Mean

Range

Analytical sens

Long componei

Longcompofto:
Mean

Range

Analytical sans

ited:
fltralfon (s/L):

Low
High

(itivlty;

unted:
icentration (s/L):

Low
High

JliViQR

counted:

Boncafiizatian(s/L}:

Low
High

Uivfty:

its coon ted:

itconcentratJon (s/L):

Low
High

itlvity:

••

••

1

- • • '

:
:

t
.. j ..

'

i

'

j

.. ."

!
[

'

""""**'""'

= • e

NOTES:
NFc not found
Long structures or components ate those longer than 5/an.

The range presented represents ihe95%eoafidencelimitsooii$inuieda>ditcas$edinSe(^oneA
Provide separate sheets for chrysodle and amphibotes or total asbestos; as necessary.

Figure 12JZ: Fonnat for tha Snmrnary Balch Report
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(j) Che ratio of free asbestos fibers to total asbestos structures and
components;

(k) the ratio of matrices to total asbestos structures;

(1) the ratio of bundles to total asbestos structures;

(m) the ratio of clusters to total asbestos structures;

(n) Items 1-m for asbestos structures longer than S /on;

(o) a complete Hating of tha structure counting data for each sample
(item "e" of section 12.1).

An example of the summary form for data review is provided In Figure 12.3.
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Cue No.:
Site:
Lab:
Rcviewwr
Date

ANALYTICAL RESULTS

Concennatfatt of Asbestos (CfaysotileiuifesoihenriSB noted)

AnalysisType: Air forTEM csbcstos
Indirect Reparation

Sample ID. (number and type)
AnaryiigPtepvalkD.
racunotef

Number of liters sampled

HIGH MAGNIFICATION

Sttwwwtfwe* viewed
Faenftuea viewed
Bundteafiutavfenwd

fctariccsAuet viewed

CompmaasIL
toneitmctmes/L
Long Hwipoisnts/L
Analytical sensitivity

LOW MAGNIFICATION
Number or grids «»amirBit
Sttwtweitaea viewed
Pjp^ryflfffl vicwOo
BtudlesAteB viewed

Matrioesfrrea viewed
LongHzuetureVL
LongcompotientsA-
AwJytkalscosiUviiy

Mean 95%
Low

CL MeanHigh) ,95«
Low

CL Maafi
]^h mwH

95%.
Low ffigji ****

,95*
Low

>•

•

; •

fe Mwn
,95ft
Low %b

NOTES:

95ft CL = 95% confidence limit
Ttu; range presented n^HtsraiUttoWftcppcr or IcracrcoBTidcncelfaiiii conarudfd as discussed in Section E4.

Rgiire 123: Foimai for Data Review Summitry Report



APPENDIX A - PETEaHIHATIOH OP OPKHATMW COHPITIOHS FOR PLASMA AfiHKR

A.I IHTROD0CT10H

It la important to establish standard conditions for operation of the
plasma asher, so that:

(a) ashing conditions for MCE filters and participate are sufficient and
remain constant; and,

<b) so that a known amount of etching of MCS filters can ba achieved on
to* surface of filters being prepared by tha direct-transfer method.

Therefore, the plasma asher shall bo calibrated so that a known material
la completely ashed in a constant tin*. This, is carried out by adjusting
the radio-frequency power output and the, oxygen flow rate, and measuring the
cine taken to completely oxidize an unused 25 ma diameter 0.45 fan pore six*
MCS filter.

A.2 PROCEDURE

Place an unused, 25 on diameter, 0.49 pm pore size MCE filter In the
center of a glass microscope slide. Position the .slide approximately in the
center of the asher chamber. Close tha chamber and evacuate to a pressure
of approximately 40 Pa, while admitting oxygen to the chamber at a rate of
8-20 ce/mln". Adjust the tuning of Che system so that the intensity of the
plasma Is maximized. Measure the tlna required foe complete oxidation of
the filter. Determine the power setting that result in complete oxidation
of the filter in a poriod of approximately 15 minutes.

NOTE .

Plasma oxidation at high radio-frequency powers will cause tha filter to
shrink and curl, followed by sudden violent ignition. At lower powers the
f11tar will remain-in position, and will become alowly thinner until it
becomes nearly transparent. It is recoooendad Chat the radio-frequency
power be used la selected such that violent ignition does not occur. If
powers ar« used such that the partlcuiate ignltas violently, fibers will
possibly be disturbed and lost from tha analysis.
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APPENDIX B - CALIBRATION

B.I CAUBBATIOH OF THE TEX

B.l.X Calibration of TEM Screen Magnification

The electron microscope should be aligned according Co the
specifications of tho manufacturer. Initially, and at regular intervals,
calibrate the magnifications used for the analysts using a diffraction
grating replica. Adjust the specimen height to the eucentrio position
before carrying out the calibration. Measure the distance on the
fluorescent viewing screen occupied by a convenient number of repeat
distances of the grating image, and calculate the magnification. Always
repeat the calibration after any instrumental maintenance or change of
operating conditions. The magnification of the image on the viewing
screen Is not the sana as that obtained on photographic plates or film.
The ratio between these is * constant value for the particular model of
TEH.

B.I.2 Calibration t>£ ED Caaera length

Calibrate the camera length of the TEH wh«n used in ED node. Use a
specimen grid supporting a carbon flla on Which a thin film of gold has
been evaporated or sputtered. For* an inage of the gold film and select
ED conditions. Adjust.the objective lens current to optimize the pattern
Obtained, and measure on the fluorescent viewing screen the diameters of
the. innermost two rings. Calculate tha camera constant, A x L, from the
relationship:

a x D
X X L -

where:

>/h» + k* -I- I2

A - the wavelength of the incident electrons
A x L - the effective camera length in SB

A - the unit cell dimensions of gold in Angstrom units
D - the diameter of the (hfcl) diffraction ring in HUB

Using gold as the calibration naterial, the -camera constant is given by:

A x L - 2.3348 x D (smallest ring)
A x L - 2.0393 x D (second ring)
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B.2 CALIBRATION OP THE EDXA S7STEH

Bnergy calibration of the EDXA aysCera for a low energy and high energy
peak shall be performed regularly. Calibration of the intensity scale of
the EDXA system pernice quantitative composition data, at an accuracy of
about 10% of the elemental concentration, to be obtained froa EDXA spectra
of silicate minerals involving the elements Na, Mg., Al. SI, K, Ca, Mn, and
Fe. SHM 2063 should also be used to calibrate the EDXA system for Mg, Ca,
and Fe relative to Si. If quantitative determinations are required for
minerals containing other elements, reference standards other than those
referred to below vill be required. Well-characterized mineral standards
pornit calibration of any TEH-EDXA combination that meets the Instrumental
specifications of 6.3.1 and 6.3.2, so that EDXA data from different
instruments can be compared. Reference oinerals are required for th«
calibration; the criteria for selection being that they should be silicate
minerals with matrices as close as possible to those of the' amphlboles or
serpentine, and that individual snail fragments of the minerals are
homogeneous in composition within a few percent.

Determine the compositions of these standards by electron mlcroproba
analysis or chemical methods, and prepare TEH grids from aqueous dispersions
of crushed fragments of the same selected mineral specimens. These TEH
specimens can then be used to calibrate any TEH-EDXA system so that
comparable compositional results can be obtained froa different instruments.

ttOTE

The microprobe analyses of the mineral standards are made by conventional
techniques, Which can be found in the bibliography. The mineral la first
ontbedded in a mount of polymethyl methacrylata or opoxy resin. The oount
is then ground and polished to achieve * flat, polished surface of the
mineral fragment. This surface la then analyzed, using suitable reference
standards, preferably oxide standards of the individual elements wherever
these are available. It is necessary to take account of the water
concentration in the minerals, which in the case of chrysotile amounts to
13% by weight.

Express the results of the electron aicroprobe analyses as atomic ratios
relative to silicon. X-ray peak ratios of the same elements relative to
silicon, obtained from die COXA system, can then be used to calculate the
relationship between peak area ratio and atonic ratio. The technique was
described by Cliff and torlawr (See Bibliography).

The X-rays generated in a thin specimen by an incident electron beam have
a low probability of interacting with tha specimen. Thus moss absorption
and fluorescence effects are negligible. In * specimen composed of
elements i and j. the following relationship can b« used to perform
quantitative analyses In the TEN.
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whore:

k C.

the elemental integrated peak areas for alenent i
the elemental Integrated peak area for element J
the concentration or atonic proportion of element i
the concentration or, atonic proportion of elaacmt j
& constant

To incorporate correction for the particle size effect on peak area ratios
(Sao Small et al. in Bibliography), extend the Cliff and Lorlmer technique
by obtaining separate values of the constant k for different ranges of fiber
diaaetar. It la recommended that about 20 EDXA measurements be isade for
each rang* of fiber dieweter. Suitable ranges of fiber diameter are
<0.25 fat, 0.25-0.3 pin, 0.5-1.0 pa and >1.0:pa.

Insert ta»a TEH grid into the TQC, obtain an .iaogo at the calibrated higher
magnification, of about 20,000, and adjust tao specimen height to the
eueentrie point. If the x-ray detector is A side-entry variety, tilt the
specimen towards the x-ray detector. Select an Isolated fiber or'particle
IMS than 0.5 pa in width, and accumulate an EDXA. spectrum using an electron
probe of suitable dlattttcr. When a veil-defined epectrun has been obtained,
perform a background subtraction and calculate the background-corrected peak
areas for each element IMtrrfl, using energy'windows centered on the peaks.
Calculate the ratio of the peak area for each specified clement relative to
the peak area for silicon. All background-subtracted peak areas used for
calibration shall exceed 400 counts.

Repeat this procedure for 20 particles of each mineral standard.
Reject analyses of any obviously foreign particles». Calculate th«
arithmetic moon peak area to concentration ratio, k, for each speciflod
element of each mineral standard and for each of the fiber diameter
ranges. Routine checks to ensure that there has been no degradation of
the detector performance shall be carried out. These k-values are used to
calculate the elemental concentrations of unknown fibers, using the Cliff
and Lorioor relationship.



APPENDIX C - STRUCTtTOK COUfnfSQ CRITERIA

c.i nrrRODUCTiON

In addition to Isolated fibers, other assemblages of particles and fibers
frequently occur In air samples. Groupings of asbestos fibers and
particles, referred to as "asbestos structures", are defined as fiber
bundles, clusters 'and natrlces. " The numerical result of a structure count
depends strongly on whether the analyst assigns each such' .assemblage of
fibers as a single entity, or as the estimated number of Individual fibers
Which form the assemblage. It Is therefore important that a logical system
of counting criteria be defined, so that the Interpretation of specific
structures Is the sane for all analysts, and so that the numerical result is
meaningful. Imposition of specific structure, counting criteria generally
requires, that aooo interpretation,, partially based on 'uncertain health
effects information, be jaade of each asbestos structure found. It is not
the Intention of this nethbd to maka interpretations based on health
"effects. Rather, it' is intended that a clear separation shall be made
between recording of structure' counting data and later interpretation of
Chose data. The system of coding specified in this method permits a clear
morphological description of the structures to b« recorded in a concise
manner suitable for later Interpretation, ,i£ necessary, by a range, of
different criteria, without the necessity for re-examination of. the
specimens. The system; requires each asbestos structure to be assigned a
predominant classification as fiber, bundle, cluster or matrix and in some
cases individual components of a structure.. are separately enumerated.
Examples of the various types of morphological structures and the manner In
which these shall be recorded are, shown' in. Figure Cl.

C.i STRUCTTOE DEFINmdHS AHD TEEATMEHT : .

C.2.1 Tiber

Any particle ytth parallel or stepped sides, with an aspect ratio of
5:1 or greater, shall be defined as a fiber. For chrysotile asbestos, the
single fibril shall be defined as a fiber. A fiber with stepped sides
shall be assigned a width equal to the average of the minimum and naxlaum

, widths. This average shall be used as 'the width in determination of the
aspect ratio , ' , , , '

C.2.2 Bundle

A grouping composed of apparently attached parallel fibers shall be
counted as a bundle of a width equal to «n estimate of the moan bundle
width, and a length equal to the mm^gini length, of the structure. The
overall aspect ratio of the bundle may be any value, provided that the
individual constituent fibers have aspect ratios equal to or greater than
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C.2.3 Clustor

An aggregate of randomly oriented fibers, with or without bundles,
shall be defined as a. cluster, dusters occur as-two varieties:

ClusteiLjEypBLAr a disperse and open network, In which both ends of
Individual fibers and bundles can be separately identified and their
dimensions measured. If the cluster consists of up to 5 such fibers or
bundles, the individual fibers and bundles comprising the- cluster shall b«
separately counted, measured, and recorded as individual fibers and
bundles that are components of the overall cluster. If the cluster
consists of nore than 5 fibers or bundles It shall be noted as such on the
count sheet. In addition to characterizing and measuring individual
components, the overall outer dimensions of the cluster will be recorded
aa proscribed for type B clusters.

Cluster type R: a complex and tightly bound network, in which one or both
ends of each individual fiber or bundle are obscured, such that the
dinenslons of individual fiber* cannot be measured. In this case the
cluster shall be recorded as A single cluster with no components, and the
overall dimensions In the two perpendicular directions defining the
maximum and minimus dittansiona shall be recorded.

Tha recording of clusters shall be based on tho prodoiainant charae*
terlstice of the structures. Far example, a cluster consisting
predominantly of 4- fibers, but with smaller regions of attached material
containing fibers, shall be considered as a type A cluster of A fibers to
be recorded separately as fibers that are components of the overall
cluetor.

The procedure for treatment of elustore is illustrated by exoaples
in Figure C2.

C.2.4 Matrix

A fiber, fibers, or bundles, may be attached to, or partially
concealed by, a single particle or group of overlapping non-fibrous
particles. This structure shall be defined as a matrix. The TEH image
does not discriminate betroen particles that are attached to fibers, and
those that, by chance, overlap in the TEH Image. It IB not known,
therefore, whether such a structure is actually a complex particle, or
whether it bos arisen by a simple overlapping of particles and fibers on
tho filter.

Since a aatrlx structure may involve more than one fiber, it is
important to define in detail how matrices shall be counted. Matrices
exhibit different characteristics, and three types can be defined:

Hatrtx̂ typa A; a disperse grouping of overlapping fibers and/or bundles
and associated equant particles or groups of particles in which soae
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fibers have leas than one third of cheir lengths obscured. If the matrix
consists of up to 5 such fibers or bundles, the fibers or bundles shall bit
recorded as separata fibers or bundles that are components of tho overall
matrix, and their lengths and widths shall also bo recorded. If the
matrix consists of more than 3 fibers or bundles, it shall denoted as such
on tho count sheet. In addition to characterizing and measuring
Individual components, the overall outer dioensions of the matrix will be
recorded tig prescribed for type B matrices.

Matrix„ evpa Bt a atructura consisting o.f an equant particle or linked
group of particles, in which the ends of fibers or bundle* project frott
the particles, but the other ends of the fibers or bundles are obscured.
Fibers and bundles shall be treated differently, depending on whether the
obscured length could not possibly be more than one third of the total
length. If the matrix exhibits up to 5 fibers or bundles, those fibers
for which the obscured length could not be more than one third of the
total length shall be counted as separate fibers or bundles that are
components of the overall matrix. The assigned length for each partially-
obscured fiber or bundle shall be equal to- the visible length plus the
maximum possible contribution from the obscured portion. Fibers or
bundlea which appear to cross the matrix, and for which both ends can be
located approximately, shall be included in the maximum of S and counted
as separate fibers or bundles that are components of the overall matrix.
If more than 5 such fibers or bundles can -be -individually identified, this
will be denoted on tho count sheet. The residual matrix. If it exhibits
additional fiber terminations that cannot be separately counted because
the unobscured lengths are too short, shall be recorded as one matrix.
All other matrices of typo B shall each be recorded aa one matrix with no
components. The overall dimensions of each matrix in the two
perpendicular directions defining the maximum and minimum dimensions shall
be recorded.

Matrix trvoo C: a structure in which fibers can be seen and identified in
the interior, but vhich Incorporates no fibers vhich project from, the
outside edges. This type of matrix eon originate aa a result of partial
dissolution of binders during specimen preparation, ufaen the original
particle vas a composite material containing asbestos. This type of
matrix shall be recorded as a single matrix- with no components. The
overall dimensions of the matrix In the two perpendicular directions
defining the maximum and minimal dimensions shall be recorded.

In practice, structures can occur in -which different areas exhibit
features of the three types of matrix, and more than one. variety of
asbestos nay be Incorporated in the same structure. In this case, the
predominant characteristic of the structure should be determined, and then
a logical procedure should be followed, in which predominant fibers and
bundles are enumerated first up to * maximum of 5 followed by assignment
of the remaining asbestos structures according to the counting rules.
Complex structures shall be assigned no more than 6 separate components.
Examples of the procedure which shall be followed are shown in Figure C3.
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C.3 OTHER STRUCTURE CQVSS33SG CRITERIA

C.3.1 Structures that: Intersect Grid Bars

Structures that intersect grid bar shall be counted only for two
adjacent sides of the grid opening, OB illustrated in Figure cV. The
length of the structure shall be recorded as twice the unobscurad length.
Structures intersecting either of the other two sides shall not be
included in the count. This procedure ensures that the numerical count
will be accurate, and that the best average estimate of length has been
made. . . . .

C.3.2 Structures That Extend Outside the Field of View

During scanning of a grid opening, systematically count structures
that extend outside of the field oE viev, so as to avoid double-counting.
In general, a rule should be established so that structures extending
outside the field of view in only' two quadrants are counted. Structures
without terminations within the field of viev shall not be counted, the
procedure Is illustrated by Figure C5. Measure the length of each such
Btruaeura by moving the speeinen to locate the other end of the structure,
aitd then return to the original field of view before continuing to scan
the apeciaen,

C.4 PRDCEDTOE FOR DATA, RBCORDIBO

When a fibrous structure is detected during the structure count, the com-
ponents of the structure are first identified according to the procedures in
Appendix P. The procedure for recording the morphological description
starts by classifying the predominant characteristic of the structure as a
fib«r, bundle, cluster, or matrix. Hie code F, B, C or M shall be the first
component of the morphological descriptor. Depending on the nature of the
individual structure* additional coded descriptions vill be added to
classify separate components of tha structure. .'

C.4.1 Fibers '

On the counting fora, isolated fibers 99 defined in C.2.1
shall be recorded by the siaple designation "F*. If the fiber la a
separately-counted part of a cluster or matrix structure, the
sequential structure number shall be attached as a suffix, to
identify all such constituent components of ,tha particular cluster
or matrix structure. For example, CF004 shall be used to denote a
fiber forming part of structure number 004, tha overall and'predomi-
nant characteristic of *hich is a cluster.

0.4.2 Bundles

On the counting fora, isolated bundles as defined in C.2.2
shall be recorded by the designation "B*. If the bundle is a
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separately-counted pare of a clutter or matrix structure, Cha
sequential structure number shall be attached as a suffix, to
Identify all such constituent components of tha cluster of matrix
structure. For example, MB004 shall be used to denote a bundle
forming part: of structure 'number 004, the overall and predominant
characteristic of which la A matrix.

0.4.3 Clusters

On th* fiber counting form, isolated clusters, aa defined in
C.I.4, shall be recorded by tho designation "C". 7h» dimensions of
the overall structure are recorded. If sons components of the
cluster have been separately counted, the cluster shall be recorded
by the designation CS, followed by the sequential structure number
"n". For example, the code CS004 indicates that the primary
structure number 006 vas a cluster, 'for which the overall dimensions
aro specified. Thus if a localized .cluster is attached to a group
of fibers or bundles, and the fibers and bundles have been counted
separately because this procedure was defined by the predominant
charactoristica of the structure, the sequential structure number
shall be attached as a suffix, to identify all constituent
components of the structure. For example, CF004 shall be used to
denote a fiber forming part of structure number 004, the overall and
predominant characteristic of vhich is a cluetor. Uhen more than
S components can be individually identified, the cluster is still
recorded by the designation CS and the overall dimensions of the
structure are recorded, but the sequential structure number is
excluded from .the code and components are not recorded separately.

C.4.4 Matrices

On the fiber counting form, isolated matrices of type B or C,
as defined in C.I.5, shall be recorded by the designation "K". The
dimensions of the overall structure are recorded. If the type & or
C matrix is attached to a group of fibers or bundles, and the fibers
and bundles have been counted separately because this procedure vas
defined by the predominant characteristics of the structure, the
sequential structure number shall be attached as a suffix, to
identify all constituent components of the structure. For example,
the primary matrix structure shall be .designated as MS004, and the
overall structure'dimensions recorded. All separately-counted
components of the structure shall carry the suffix 004. Thus the
code MB004 shall be used to denote a bundle forming part of
structure number 004, the overall and predominant characteristic of
which is a matrix. Uhen more than S components can be individually
identified, tha matrix is still recorded by the designation MS and
the overall dimensions of the structure ar« recorded, but the
sequential counting number is excluded from the code and components
are not reoorded separately.



FIBiRS

BUKDLES

CLUSTER TYPE B

MATRIX TYPE A MATRIX TYPE B MATRIX TYPE C

Figure C.I: Harphological Structure Types
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Record primary structure as one cluster
designated C.

Record primary structure ast I cluster
designated u CSn. Record 3 fibers *«
coaponontB. Use coda CTn for the conpoiaant
fiber*.

Record primary structure aa t cluster
desiEnatad CSo. Record 3 ftbera and 2 bandies
aa co*ponenta. Caa cod* dte for coqonant

and code CBn for conponent bondlaa.

Record prinuy structure aa 1 cluster
designated « CSn. Record 4 fibers and 2 aub-
clustars aa ooaponanta. Use eodo CEb for

fibers and code OCn for coBponent

Hotaa:

•o* Is a ehrea digit nuobar Idontlfylng eh* Btruotura nuaber of ch»
pjdaaxy scruaCure that «och cooponsnt balangg to.

DUttn>iooa asaigned to each coMponant repreowit: the boat eattaaw of the
M«1t1m» langth and Bean width of that particular eoaponeaC. Dloonalons
reeordad for a prlnazy atruoture nprmmtraC th» beat eatlBata of tto
overall crucsida dlaansLana of that •troatur*.

Figure C.2: BxanploB of Rocordlng of Coaiplex AabeaBoa Clxtatvra
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Record primary structure as I matrix
designated aa MSn. Record 1 fiber as a
component. Use coda HFn for component fiber.

Record primary struoture as 1 aatrtr
designated as MSn. Record S fibers as
components. Uao coda MFn fox component
fibers.

Record primary structure as 1 matrix
designated a* MSn. Record 3 fibers and 1 aub-
natrix aa components. Use coda Kfn for
component fibers and code KHn for
Matrix.

Record as 1 cutrlz doslgnatsd as H.

Notes;

•n" 1» a three digit mmlxir identifying the structure mur&ar of tbe
priaary scructuro that each component belongs to.

Dimensions asBigned to each conponMit represent die best estimate of tfaa
nnx*nr™ length and neon widtii of that particular coapowmt. Dinenflioafl
reeordod for a primary structure represent the beat estinace of tl»
overall outside dimansitms of Chat atrocture.

Subnatriua ore only reeordttd When they incorporate asbestos fibers not
accounted for after separation o£ fiber, bundle, and cluster components
fxoa tha primary ctruamro.

Figure O.3: Examples of Recording o£ Conplox Asbestos Matrices
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DO NOT COUNT I \—-Grid opening

Figure C.4: Counting of Structures That Intersect Grid Bars

Grid opening

TEH field of view

Pigura C.S: Counting of Structures That Extend Outside th* Field of View



APPENDIX D - FIBER. JPESTTPICATTOW PROCEDPRS

D.I IKTRODOCTIOH

Fibrous structures are classified as asbestos structures by Identifying
otio or more of the constituent fibers or bundles as asbestos. Accordingly,
this section refers to identification, of fibers rathar than a true cures.

Tha criteria which shall be used for Identification off asbestos fibers are
selected, depending on tha intended use of the fiber counting results. In
sone circumstanced, there can be a requirement that fibers shall be unequi-
vocally identified as a specific mineral spec tee. In other circumstances
there, can ba sufficient knowledge about the sample that rigorous Identifica-
tion of each fiber na*d not be carried out. She tltto required to perform
tha analysis, and therefore the cost of analysis, can vary widely depending
on die identification criteria which are considered to be sufficiently
definitive. Th«t combination of criteria considered definitive for
identification of fibers i^ fl PffifftlftV-lî  T̂HlliY8-*8 shall be gpee.ed before
fcha. *nalv3ts ts made, and thla combination of shall bo referred to
aa the "Laval* of analysts. Various factor a related to instrumental
limitations and the character of tha sample may prevent satisfaction of all
of the specified fiber identification criteria for a particular fiber.
Therefore . a record flhfll-1 he tnadfl of the IdenyAf ̂.cation criteria which vara
satisfied for aach yiiapaeted aabnatoa fiboy ^.nc^udeA tn tha analvalg. For
example, if both ED and EDXA. were specified to be attempted for definitive
identification of each fiber, fibers with, chrysotlle morphology which, for
some reason, do not give an ED pattern but which do yield an EDXA spactruo
corresponding &> ehrysotlle, are categorized in a way that conveys tha level
of confidence Co be placed in the Identification.

D.2. ED AND BDXA TSCBHIQUES

D.2.1 eeneral

Initially, classify fibers into two categories on the basis of
morphology: those fibers with tubular morphology, and those fibers without
tubular morphology. Conduct further analysis of each fiber using ED and
EDXA. methods. The following procedures should be used ufaen fibers are
examined by ED and EDXA.

The crystal structures of some mineral fibers, such as chrysotlle,
are easily damaged by the high current densities required for EDXA
examination. Therefore, investigation of these sensitive fibers by ED
Shall be completed before attempts are nade to obtain EDXA spectra from
the fibers. When more stable fibers, such as the eophiboles , are
examined, EDXA and ED may be used in either order.



D.2.2 ED Techniques

The ED technlqua can be either qualitative or quantitative.
Qualitative BD consists of visual examination, vithout detailed
Bioasureseht. of tha general characteristics of the ED pattern obtained on
the TEM viewing screen fron a randomly orientated fiber. ED patterns
obtained from fibers with cylindrical symmetry, such as chrysotile, do not
change when thtt fibers are tilted about th*lr axes, and patterns from
randomly oriented fibers of these minerals can be interpreted
quantitatively. For fibers that do not: hove cylindrical symmetry, only
Chose ED patterns obtained when the fiber la oriented with a principal
crystallographie. axis closely parallel with eh* incident electron bean
direction can b* Interpreted quantitatively. This type of ED pattern
shall ba referred to as a zone-axis ED pattern. In order to interpret a
zone-axis ED pattern quantitatively, It shall bo photographed and Its
consistency with known mineral structures shall ba checked. & computer
program may ba used to compare measurement* of the zone-axle BD pattern
with corresponding data calculated from known mineral structures. The
zone-axis ED pattern obtained by examination of a fiber in a particular
orientation can be Insufficiently specific to permit unequivocal
Identification of the mineral fiber, but it Is often possible to tilt tha
fiber to another angle and Co photograph a different BD pattern
corresponding to.another zone-axis. The angle betwaen the two zone-axes
can also bo checked for consistency with the structure of a suspected
mineral.

For visual examination of tha ED pattern, the camera length of tha
TEH should be sat to a low value of approximately 250 mm and the BD
pattern then should be vlew*d through tha binoculars. This procedure
nlnlaizas the possible degradation of the fiber by the electron
irradiation. However, tha pattern is distorted by the tilt angle of the
viewing screen. A camara length of at least 2 m should be used when the
CD pattern is photographed, if accurate measurement of the pattern ig to
ba possible. It is necessary that, whan obtaining an ED pattern to b«
evaluated visually or to be photographed, tha sample height shall b*
properly adjusted to tha eucentric point and the Image shall bo focussed
in the plan* of the selected area aperture. If this la not dona there may
be some components of the ED pattern which do not originate from the
selected area. In general, it will ba necessary to use tha smallest
available Bo aperture.

For routine aanple analysis, calibration films of evaporated gold or
other materials shall not b* applied to th* TEH grids. Such films
seriously degrade the visibility of fIna chrysotile fibers so that they
may not be detected by tha EM operator. Moreover, tha visibility of ED
patterns from chrysotile fibers are also seriously degraded resulting in
failure to identify them positively. Both effects lead to significant
reduction of tha asbestos structure concentration* reported.



To ft)tin an ED pattern, nova the image of the fiber to the center of
tha viewing screen and insert a suitable selected Area aperture into the
electron beam so that the fiber, or a portion of it, occupies » large
proportion of the illuminated area, the size of the aperture and the
portion of tha fiber shall be such that particles other Chan the one to be
examined are excluded from the selected area. Observe the ED pattern
through tha binoculars. During the observation, the objective lens
current should be adjusted to the point where the most complete ED pattern
is obtained. If an incomplete ED pattern is still obtained, move tha
particle around vithin the selected ores to attempt to optimize the ED
pattern, or to eliminate possible interferences from neighboring
partioles.

If a zone-axis ED analysis is to b« attempted on the fiber, the
sample shall be mounted in the appropriate holder. The most convenient
holder allows complete rotation of the specimen grid and tilting of the
grid about a single axis. Rotate the sample until the fiber image
indicates that the fiber is oriented with its length coincident with the
tilt axis of the goniometer, and adjust the sample height until the fiber
is at the eueeatrio position. Tilt the fitor until on ED pattern appears,
•which ia a symmetrical, two dimensional array of spots. Tha recognition
of zone-axis alignment conditions requires some experience on the part of
the operator. During tilting of the fiber to obtain zone-axis conditions,
the manner in which the intensities of the spots vary should be observed.
If weak reflections occur at some points on a matrix of strong
reflections, the possibility of utultiple diffraction exists, and some
caution should be exercised in the selection of diffraction spots for
naasurovant and interpretation. A full discussion of electron diffraction
and multiple diffraction can be found in the references by J. A. Card,
P.B. Hirsch et al, and H. R. Wenk, included in the Bibliography. Rot all
zone-axis patterns that can be obtained are definitive. Only those which
have closely-spaced reflections corresponding to low indices in at least
one direction should be recorded. Patterns in which all d-spacings are
Lefifi than about 0.3 nm are not definitive. A useful guideline is that the
lowest angle reflections should be within the radius of the first gold
diffraction ring (111), and that patterns with smaller distances between
reflections are usually the most definitive.

Five spots, closest to the center spot, along too intersecting lines
of the rone-axis pattern shall be selected Cor measurement, as illustrated
in Figure Dl. The distances of these spots from the center spot and the
four angles shown provide the required data for analysis. Since the
center spot is usually very over-exposed, it does not provide a
veil-defined origin for these measurements. The required distances shall
therefor* ba obtained by measuring between pairs of spots sysmetrically
disposed about the center spot, preferably separated by several repeat
distances. The distances oust be measured with a precision of better than
0.3 ma, and tha angles to a precision of better than 2.3*. The diameter
of the first or second ring of the calibration pattern (111 and 200) must
also be measured with a precision of better than 0,3 raw,
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Using gold OB the calibration material, the camera constant is given
by:

A x L - 2.3548 x J> (first ring)
\ x L - 2,0393 x D (second ring)

0*2.3 gDXA Masauteoenti

Interpretation o£ th* KDXA. spectrum way b* «lth«x qualitative ox
quantitative. For qualitative interpretation of a spectrum, the elements
originating from, the fiber are recorded. For quantitative interpretation,
the net peak areas, after background subtraction, are obtained for the
elements originating fron the fiber. This method provide* for
quantitative Interpretation for those minerals which contain silicon. To
obtain an EDXA spectrum, move the image o£ the fib«r to the canter of the
screen and remove the objective aperture. Select an appropriate electron
bean diameter and deflect the bean so that it impinges on the fiber.
Depending on the instrumentation, it nay be necessary to tilt the specinen
towards the X-ray do tec tor, add in some instruments, to uae Scanning
Transmission Electron Microscopy (STEM) mode of operation.

The cine for acquisition of a suitable spectrum varies with the
fiber, diameter, and also with instrumental factors. For quantitative
interpretation, spectra should have statistically valid number of counts
lit each peak. Analyses of small diameter fibers which contain sodium axe
the mo8.t critical, since it is In the low energy range that the X-ray
detector is least sensitive. Accordingly, it is necessary co acquire a
spectrum for a sufficiently long period that the presence of swliwi con be
detected in such fibers. It has been found that satisfactory quantitative
analyses can bo obtained if acquisition is continued until the background
subtracted silicon Ka p«ak integral exceeds 10,000 counts. The spectrum
should then be manipulated to subtract the background and to obtain the
net areas of the elemental peaks.

After quantitative EDXA classification of some fibers by computer
analysis of the net peak areas, it ttay be possible to classify further
fibers in the same sample In efce basis of comparison of spectra at tho
instrument. Frequently, visual comparison* can be made after sosvvhat
shorter acquisition times.

D.3 IHTERFRETATIOH 07 FIBER AHA1YSIS DATA

D.3.1 Cnrysotlle

The Morphological structure of chrysotile is characteristic, and
with experience, can be recognized readily. However, a few other minerals
have similar appearance, and morphological observation by Itself is
inadequate for most sample*. The ED pattern obtained from chryaotile is
quit* specific for this mineral if the specified characteristics of the

87



pattern correspond to those from reference chryaotile. However, depending
on the past history of the fiber, and on a Dumber of other factors. ch«
crystal structure of a particular fiber may be> damaged, and It may not
yield an ED patcorn. In this caso, the KDXA spectrum may be the only data
available to supplaaent the morphological observations.

D.3.2 AnphlboleS

Since t&e fiber identification procedure for asbestos fibers other
than chrysotlle can be involved and tine- consuming, computer program aueh
as developed by Rhoados (see Bibliography) con be used for interpretation
of zone'sxis ED patterns. The published literature contains composition
And erystallogjeapfaic date for all of the fibrous minerals likely to be
encountered In TEH analysis of air Maples, and Che compositional and
structural data fro* the unknown fiber should be compared with the
published data. Demonstration that the aaasureoatits are consistent with
thft data for & particular test mineral does not uniquely Identify the
unknown, since the possibility exists that data from other minerals may
also be consistent. It is, however, unlikely that a mineral of another
structural class could yield data consistent with that from an anphibolo
fiber identified by quantitative EDXA. and two zone axis ED patterns.

Suspected onphibole fibers should be classified initially on the
basis of chemical composition. Either qualitative or quantitative EDXA
information may be usad as the basis for this classification. From the
published data on mineral compositions, a list of minerals which are
consistent In composition with that oceasured for the unknown fiber should
be compiled. To proceed further, It la necessary to obtain the first zone
axis ED pattern, according to th& instructions in D.2.1.

It la possible to specify a particular zone-axis pattern for
identification of amphibola, since a few patterns are often considered to
be characteristic. Unfortunatoly, for a fiber vith random orientation on
a TEH grid, no specimen holder and goniometer currently available will
permit convenient and rapid location of tva pro-selected zone-axes, the
aost practical approach has been adopted, Which is to accept those low
index patterns vhicb are easily obtained, and then to test their
consistency with the structures of the minerals already pre-selected on
the basis of the. EDXA. data. Even th* structures of non-nnphibole minerals
in this pre-selectod list nwst be tested against the zone-axis data
obtained for tha unknown fiber, since non-amphlbola oinerals in some
orientations may yield stellar patterns consistent with anphlbole struc-
tures.
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SPOT 3.

SPOT 4

SPOT 2.
SPOT I.

SPOT 5

Figure D.I: Hcasureoent of Zono Axis SAED Patterns
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The zone-axis ED interpretation must include all minerals previously
selected from the mineral data file as being chemically coopatible with
tha EDXA data. This procedure will usually shorten Che list of minerals
for which solutions have boon found. & second set of zone-axis data from
another pattern obtained on the same fiber can then be processed, either
as further confirmation of the identification, or to attempt elimination
of on ambiguity. In addition, the angle measured between the orientations
of tha two zone-exes can be checked Cor consistency with the atrueCures of
tho minerals. Caution, should be exercised in rationalizing the inter-zone
axis angle, since if the fiber contains c-axis twinning Che two zone-axis
ED patterns may originate from the separate twin crystals. In practice,
the full Identification procedure will normally be applied to very few
fibers, unless for a particular reason precise identification of all
fibers is required.

D.A FIBER. CLASSIFICATION CATEGORIES

It is not always possible to proceed to a definitive Identification of a
fiber; this may be due to instrumental linitations or to the actual nature
of the fiber. In many analyses a definitive identification of each fiber
may not actually be necessary If there is other knowledge available aboue
the sample, or if the concentration is below a level of interest. The
analytical procedure nust therefore take account of both instrumental
limitations and varied analytical requirements. Accordingly, a systea for
fiber classification is used to permit accurate .recording of data. The
classifications «re shown in Tables Dl and D2, and are directed towards
identification of chrysotila and anphibole respectively. Fibers shall be
reported in these categories.

Tha general principle to be followed In this analytical procedure is first
to define the aost specific fiber classification vhich is to be attempted,
or the •level* of analysis to be conducted. Then, for each fiber examined,
record the classification which IB actually achieved. Depending on the
intended use of the results, criteria for acceptance of fibers as "iden-
tified" can then be established at any tine after completion of the
analysis.

la an unknown sample, chrysotilo will be regarded as confirmed only if a
recorded, calibrated ED pattern from one fiber in the CD catogorl&s is
obtained, or if measurements of the ED pattern are recorded at the
instrument. Aophibole will be regarded as confirmed only by obtaining
recorded data which yields exclusively tnphibole solutions for fibers
classified in tha AQZ, AZZ or AQZZ categories.

D.A.I Procedure for Classification of Fibers with Tubular Morphology,
Suspected to be Chrysotlle

Occasionally, fibers are encountered which have tubular morphology
similar to that of cbrysotile, but which cannot be characterized further
either by ED or EDXA. They may be non-crystalline, in vhich case ED
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techniques are not useful, or they nay be In a position on the grid vhich
does not permit an EDXA spectrum Co be obtained. Alternatively, the fiber
may b* of organic origin, but not sufficiently definitive that it can be
disregarded. Accordingly, there Is a requirement to record the fiber, and
to specify how confidently each fiber can be identified. Classification
of fibers will meet with various degrees of success. Figure D2 chows the
classification procedure Co be used for fibers which display any ,tubul«r
morphology. The chart Is self explanatory, and every fiber is either
rejected as a non-asbestos mineral (HAH), or classified In some way which
by some later criterion could atill contribute to the chrysotile fiber
count.

Morphology Is tha first consideration, and if thlu is not similar to
that usually soen in chrysotile standard samples, designate tha initial
classification as TH. Regardless of the doubtful morphology, examine the
fiber by ED and EDXA, methods according to Figure D2. Where the norphology
is nore definitive, it nay be possible to classify the fiber as having
chryaotlle morphology (CM).

For classification as CM, the morphological characteristics required

(a) the individual fibrils should hove high aspect: ratios
exceeding 10:1, and be about 20 to 40 ran in diameter;

(b) the electron scattering power of the fiber at 60 to 100 kV
accelerating potential should be sufficiently low for Internal
structure to be visible; and,

<e> there should be some evidence of internal structure suggesting
a tubular appearance similar to that shown by reference' UICC
chrysotile, which nay degrade in tha electron beau.

Examine every fiber having these morphological characteristics by
the ED technique, an4 classify as chrysotile by BD (CD) only those which
give diffraction patterns with th« precise characteristics shown in Figure
03. The relevant features In this pattern for identification of
chrysotile are as follows:

(a) the (002) reflections should be examined to determine that
they correspond approximately to a spacing of 0.73 tan;

(b) the layer line repeat distance should correspond to 0.53 TOD;
and,

(c) there should bo "streaking"
reflections.

of the (110) and (130)
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FIBER WITH TUBULAR-MORPHOLOGY

Is fiber norptiology characteristic
of that displayed by reference chrysotile?

HO

Examine by SAEO

Pattern rat
chrysotile

ChryiOtUa
pattern

Pattern not present
or Indistinct

Exaeln* by quantitative EDXA

CoaposUlon not
ttut of ehrysotll*

Chrysotile
composition

Ho Spectrus

YES

M

Exaarlne by SAEO

Chrysotile
pattern

Pattern not
chrysottle

Pattern not pre»ent
or Indistinct

Examine by quantitative EDXA

Chrysotile
composition

Composition not
that of chrysotlli

No Spectrun

Exoeltie by quantitative EflXA

Conpojltion not
that of chrysotlla

Chrysotlla
composition

No Spectrwa

Fl£u£a D.2: ClaaaifiEation Chare for JElber Blch Tubular Morphology
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Using the millimeter calibrations on the TEH -vi.evi.ng screen, these
observations can readily be aade ac the Instrument. If documentary proof
of fiber identification Is required, record a. TEH micrograph of ac least
ono representative fibar, and record lea ED pattern on a separate flln or
plate. This film or plat* shall also carry calibration rings from a known
polycrystallino substance such as gold. This calibrated pattern is tho
only documentary proof that the particular fiber Is chrysotile. and not
soaa other tubular or scrolled species such as halloysita, palygorsklto,
talc OK varaieulite. The proportion of fibers which can be successfully
identified as chrysotlle by ED IB variable, and to some extant dependant
on both the instrument and the procedures of the operator. The fibers
that fall to yield an identifiable ED pattern will remain in the TM or CM
categories unless thay are examined by EDXA..

In the EDXA analysis of chrysotila there are only two elements which
aro relevant. For fiber classification, the EDXA analysis mist be
quantitative. If the spectrum displays prominent peaks from Magnesium and
silicon, with their area in the appropriate ratio, and with only minor
peaks from other elenents, classify the fiber as chryaotlls by
quantitative EDXA, in the categories OQ, CMQ, or CDQ, as appropriate.

D.4.2 Procedure for classification of Fibers Without Tubular
Morphology, Suspected to be Amphibole

Every particle without tubular morphology and which is not obviously
of biological origin, with an aspect ratio of 5:1 or greater, and having
parallel or stepped aides, shall be considered as a suspected amphibole
fiber. Further examination of the fiber by ED and EDXA. techniques will
naot vith a variable degree of success, depending on the nature of the
fiber and on a number of instrumental lintcations. It will not b«
possible to identify every fiber completely,' even if time and cost wore of
no concern. Moreover, confirmation of the presence of amphibole can be
achieved only by quantitative interpretation of zone-axis ED patterns, a
very time-consuming procedure. Accordingly, for routine samples from
unknown sources, tills analytical procedure limits tho requirement for
zone-axis ED work to a ainlisua of one fiber representative of each
compositional class reported. In some samples, It nay be necessary to
identify more fibers by the zone-axis technique. Whan analyzing samples
from well-characterized sources, the cose of identification by zone-axis
methods nay not be justified.

The 0.33 nm layer spacing of the random orientation ED pattern is
not by itsalf diagnostic for amphibole. However, the presence of c-axis
twinning in many fibers leads to contributions to the layers in the
patterns by several individual parallel crystals of different axial
orientations. This apparently random positioning of the spots along the
layer lines, if also associated vith a high fiber aspect ratio, la a
characteristic of amphibole asbestos, and thus has some limited diagnostic
value. If a pattern of this type is not obtained, the identity of the



fiber La still ambiguous, since tha absfrnce of a recognizable pattern tuny
be a consequence of an unsuitable orientation relative to the electron
beaa, or the fiber nay be COM other mineral species.

Figure D4 shows the fiber classification chart to be used for
suspected amphtbole fibers. This chart shows all tha classification paths
possible in analysis of a suspected- aophlbole fiber, when examined
systematically by ED and EDXA. Two route* are possible, depending on
whether an attempt to obtain an EDXA spectrum or a random orientation ED
pattern is made first. The normal procedure for analysis of a sample of
unknown origin vill b» to examine the fiber by randon orientation ED,
qualitative EDXA, quantitative EDXA, and zone-axis ED, in this sequence,
the final fiber classification assigned will be defined either by
successful analysis at the maximum required level, or by the instrumental
limitations. Record the maximum classification achieved for each fiber on
the counting sheet in die appropriate column. Tha various classification
categories can then be combined later in any desired way for calculation
of the fiber concentration, and a complete record of the results obtained
when attempting to identify each fiber Is maintained for reassessment of
the data If necessary.

In the unknown simple, zone-axis analysis wlll.be required if the
presence of ampbibole ia to be unequivocally confirmed. For this level of
analysis, attempt to raise the classification of every suspected amphlbole
fiber to the ADQ category by Inspection of the random orientation ED
pattern and the EDXA spectrum. In addition, examine at least one fiber
from each type of suspected anphlbole found by zone-axis methods to
confirm their identification. In most cases, sotaa ambiguity of
Identification can b« accepted, because information exists about possible
sources of asbestos in close proximity to tha air sampling location.
Lower levels of analysis can therefore be accepted for these situations.



Figure D.4: Claasiflcaclon Chat, for F&ers Wlthoac Tabular Hocphology
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Table Dl Classification of fibers with tabular norphology

TM - Tubular Morphology, not sufficiently characteristic for
classification aa chxysoclle

CM - Characteristic Chryuottle Morphology

CO - Cbryaotllo SAED pattern

CQ - Carysotile composition by Quantitative EDXA

CKQ - Chryaocll* Morphology and composition by Quantitative
EDXA

CDQ - Chryaotile SAED pattern and composition by Quantitative
EDXA

NAM - Non-asbeaco* MltMral
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Table 02 Classification of fibers without tubular morphology

OF - Onidfitttif lad Fiber

AD - Amphlbolo by random orientation SAED (shova layer
pattern of 0.53 m spacing)

AX - Anphibole by qualitative EDXA. Sptctrust has
coaponenta consistent vith aophlbole

ADX - Anphibole by random orientation SAED and qualitative
BDXA

AQ - Aophlboltt by quantitative EDX&

AZ - Anpnlbole by one Zone-Axis SAED pattern

ADQ - Anphibole by random orientation SAED and Quantitative
EDXA

AQZ - Anphibol« by Quantitative EDXA and ono Zono-Axic SABD
pattern -

AZZ - Anphibole by two Zone-Axis SABD patterns with consistent
inter-axial angle

AQZZ - Aaphiboltt by Quantitative EDXA. two Zone-Axis SATO
pattorns, and consistent Inter-axial anglo

HAH - Son-asbast6a Mineral
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APPEHDIX B - CAtCuTATIOH OF RESOLTS

E.I INTRODUCTION

Calculace the results using the procedures described below. The results
can be conveniently calculated- -us ing a eaaputar program.

E.2 TEST FOB UflZFOKKXTZ OF FIBER DEPOSITS ON TEM GRIDS

A check shall be made, using Che- chirsquare tast, .to :determina whether the
asbestos structures found on individual grid openings are randomly and
uniformly distributed, aaong .the grid openings. If-tho tocal nuaber found in
k grid • openings is n, and the areas of the k individual grid openings are
designated A, to A,,, then the tocal area of TEH specimen examined is;

i-k

E• • • •

Th« fraction- of thft. .total area examined' which is represented by the
individual grid opening area. plf is given by Aj/A. If th» structures are
randomly and uniformly dispersed over the k grid openings examined, the
expected number of structures falling in one grid opening with area AI is
npi. If the observed number of structures; found on that grid opening is n,,
then:

i-k
(«H - "Pi)*

This value shall be compared with significance points of the x2 distribu-
tion, having (k - 1) degrees of freedon. Significance levels lower than
0.1% nay be cause for the sample analysis to be rejected, since this
corresponds to a very inhomoganoous deposit. If the structure count: falls
this tast, the precision, of the result will be uncertain, and now analytical
filters should bo prepared from Che original collection filter.



E.3 CALCULATION OF THE ASALYTXCAX. SEHSITIVIT?

Calculate the analytical sensitivity S, in structures/liter, using the
formula:

where:

S - Af/(H x A, x V x F)

Af — Active area of sampla collection filter in BB*
H - Number of grid openings examined
A, - Mean area of grid openings
V - VolutM of air sampled in. liters
F - Concentration factor

B.4 CALCULATION 07 THE MEAH AND CONFIDENCE LIMITS TOR A REPORTED
ASBESTOS STEUCTDHS COMCERTHATIOH

In the asbastoa structure count made according to thia method, a number of
grid openings hava been sampled from a population of grid opening* and It to
required to determine the mean grid opening asbestos structure count for the
population on the basis of chla small sample. The upper end lower 93%
confidence limits ara also to be reported with ovary mean. Whan such Haiti
are constructed as indicated in Section E.4.2, tba interval between the two
Units should contain the trua mean 904 of the time (954 of the time if tha
lover confidence limit: is zaro).

2.4.1 Calculation o£ tha Mean Asbestos Structure Concentration

, Calculate the mean concentration from a particular rnaaourenent, C,
in »trueciiros/liter:

C - S x N x n

where:
S - Analytical sensitivity in structures/liter
H _ Bunker of grid openings examinod
n - mean number of asbestos structures found per grid opening

E.4.2 Calculation of Upper and Lower 95% Confidence Limits

If tha total structuros counted from a filter is 30 or leas, the
Polsoon distribution is recot&manded to be used for constructing confidence
Units. Let P(5t;n) represent tha cumulative probability function fron a
Pols son distribution with mean a. That Is. P(x;ia) is the probability of
observing x or fewer counts given by

P<x;m) - of/xl).
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The upper 95% confidence Halt, Xc, on the mean count, based on an
observed count of x, is Cho value chat satisfies:

Kx.x,,) - 0.05,

and the lower 95% confidence limit:, xj., on the moan coxmc, baaed on an
observed count of x, is the value that satisfies

1 - - 0.05

(e.g., Miller and Freund 1965)s. Tables of P(x;m) for valuos of m less
Chan 26 may be found In Miller and Freund. A computer program can be
easily written for calculating P(x;m) for larger valuos of a. If such a
program is not available, confidence Halts may alternately be based on
the noraal distribution approximation to the Poisson distribution (see
(tiller and Freund 1965). Corresponding approximations to the upper and
lower 95% confidence limits are

- x 1.6S**1'1

and

- x - I,65*x1/a,

The Poisson distribution is correct Whenever structures are randomly
distributed in the sampled air and on the filter. Hovevor. as a hedge

Confidence, lialts derived a« described in this section are ona-
tailad limits meaning that 95% of the distribution lie* below the
upper 95* confidence Halt and, similarly, 93% of the distribution
lies above the lower 95% confidence Unit. If th* tvo Units are
combined to creat* a confidence Interval, the interval between the
two Halts represents 90% of the distribution (which la different
than a. 954 confidence interval).

Construction of confidence limits in this manner, rather than the
more traditional approach of constructing confidence intervals
(where, for example, the 95% confidence Interval corresponds to
upper and lower 97.5% confidence Units), 10 recommended to avoid
confusion when referring to an aavometrlc distribution or when the
lower confidence limit fella to zero. Whon the lower confidence
Unit falls to zero, for example, th* upper 95% confidence Halt now
corresponds to the- upper 95% confidence interval (rather than the
90% confidence Interval, as Indicated in the last paragraph) because
the lower confidence Halt (zero) removes nothing frou the
distribution. Thus, wa hove chosen to refer to one-tailed
confidence, limits throughout and avoid emphasis on confidence
intervals,
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against possible clumping of structures, it is reconaended that,
the total struccure count on a filter is greater than. 30. confidence
'limits also ba calculated using the following procedure and the more
extreme limits (i.e.. larger XQ and smaller xj be reported.

Suppose k grid openings are examined and let Xj bo the structure
count for the 1th grid opening. Note that a ninimum of four grid openings
(1C>4) should be examined and they should bo of equal size. Then 95* upper
and lover confidence liaits are calculated according to the formulas

Xg - 1.65*

- 1.65s

Where

and 1.65 is the cumulative 95th percentage point of the standard noraal
distribution.

Upper or lower confidence limits, for airborne concentrations derived
fran a particular measurement are computed by Multiplying the
corresponding upper or lower confidence limits derived as described above
for the structure count by the analytical sensitivity of tha measurement.

B.4.3 Reporting the Keen and Confidence Units for a Measured
Concentration ' . .. •

Where a result is to ba interpreted as a single Isolated
measurement, the following; procedures shall be used for reporting:

Ho structures detected - the concentration shall be reported as *HF"
meaning "not found" and it should be accompanied by tha upper and lower
95i confidence limits derived as described In Section E,4,2. Note that
the lower 951 confidence limit la soro in this case.

At leaflt 1 structure detected - report the aeon concentration derived as
described in Section E.4.1 along with the upper and lower. 95* confidence
limits derived as described in Section B.4.2.

Sales for combining the results of individual measurements as part
of & alto evaluation are presented in the Technical Background Docuaent,
Fart 2 of this report.
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E.5 DXSTUTCDISinSO DETECTED ASBESTOS FROi ANALYTICAL BACiCOKOUKD

The non-parametric Wilooxori Test (Hollander and Wolfe 1973) Is employed in
chls method Co test for -significant differences between asbestos
concentrations (In units of s/caf) observed on sample filters and
concentrations observed on blanks. It must bo emphasized, however, that the
nest useful application of Oils test la to groups of sample results rather
than individual results. This should not ba a. severe limitation because
conclusions based on the totality of data from an entire study tend to ba
nore important than the results from Individual analyses.

The Wllcoxon test performs better on multiple samples. A test comparing
the concentration from an individual filter to those frost a group of blank*
con be conducted, but such a test ia likely to ba of low power (insensitive
to snail differences). In fact, data from at loast 20 blanks aro likely
required before the test becomes capable of exhibiting a statistically
significant difference (p < -0.05) between blank concentrations and the
concentration observed on a single sample filter. The power of the taat
will similarly be United when comparing multiple sample filter analyses to
a United number of blanks. For example, at least oevan sample filters
likely would have to ba coablned to find a significant difference froa tm
blanks.

Resoles of blank analyses will generally ba available front two sources:
atudy specific and historical. Within a particular study, two filter blanks
are generally analyzed from *ach lot of filters. Typically, there will also
be field blanks. Depending on the length of tine chat a particular
laboratory has been using this method, the laboratory should also be
accumulating a historical database of blank analyse*. Either sat of blank
data may ba combined with care to provide the needed data to perform the
Vilcoxln Teat and distinguish sampled asbestos from analytical
contamination. However, if different lota of filters exhibit different
levels of background contamination or if results from a laboratory change
over ttma (duo possibly to changes in methodology or analysts) then it may
not be appropriate to include historical blank data in an analysis. On .the
other band, if the historical data are representative, use of this data may
greatly increase the power of the analysis for detecting airborne
concentrations. If historical blank data are used In a atatlaclcal tout in
this aetnod, this is to be noted and rmsults of corresponding tests based
only on concurrent blanks shall also ba reported.

The following procedure can be used for applying, tha Hilcoxon teat to
asbestos analytical results. Horo datailftd diacussions of the procedure are
available froa nuaaroua sources (including Hollander and Wolf* 1973).
Suppose K blank and N non-blank samples are available. Let XL —, XH be
the measured filter concentrations from the blank samples and Y1P ,.., Y» the
measured concentrations froa the non-blank samples (ia units of structures
per mm2). Combine tha M+N concentrations and rank the* froa smallest to
largest; assign sequential integers (beginning with 1) to each concentration
arranged froa anallest to largest. If there are ties (two or more samples
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exhibiting the saa» concentration) among the H+N observations, assign Che
overage rank to each group of tied observations. (E.g., if tha observations
ara 6, 0, 0, 0, 0.001, 0.002, then the corresponding ranks would ba 2.5,
2.5, 2.5, 2.S, 5, 6.) Let W ba the su» of the ranks .assigned to the
concentrations from the non-blank samples. Large values of 0 are evidence
that: concentrations from non-blank samples are larger than those from blank
sanplas, and the hypothesis that the blank and non-blank samples nave equal
concentrations of fibers la rejected If W Is large enough.

Tables are available for determining when W is large enough to be
statistically significant in eases in which there are no ties and M and K
are small (see e.g.. Table A. 5 In Hollander and Wolfe 1973). As an example
of the application of these tables. If H - 4 and M - 5, then W, the sum of
the ranks of the concentrations fron the non-blank samples, vould have to be
28 or larger before it could bo concluded at Che 0.03 level of significance
that tha concentrations from the non-blanks are higher than those from the
blanks (see Table A. 8 in Hollander and Volfa 1973, page 276).

If ties are present in the data or if the number of samples is so large
that tables are not available, a normal approximation to the distribution of
V aay be used. Define

w* - v
[VarCB)!1'*

where

Var(W) -
U

t/.l) 1

1- -
+NXK+H-1) J

1=1
(H+NXK+H

where g is the number of groups of tied concentrations (Included among the
combined set of blank and nonblank samples) and tt Is the size of tied group
j. Tha hypothesis teat is based on an assumed normal distribution for 0".
Thus one would reject the hypothesis of equal concentrations on blanks and
non-blanks at the 0.05 level of significance if W*il>63. (Note: This
normal approximation may not work veil if the number of samples is small.
Consequently, if there are ties in the data and K or H Is less than about 4,
consideration should be given to consulting with a statistician regarding a
more accurate approach to computing tho statistical significance of W.)

E.6 CALCULATION 07 ASBESTOS STRUCTURE LEBBTH, WIDTH, AND ASPECT RATIO
DISTRIBUTIONS

The distributions all approximate to logarithmic-normal, and so the size
range intervals for calculation of the distribution shall be spaced
logarithmically. The other characteristics required for the choice of size
intervals axe that they should allow for a sufficient number of Biza
classes, while still retaining a statistically-valid number of asbestos
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structures in each class. Interpretation is also facilitated if each size
class repeats at decade intervals. A ratio froa one class to the noxt of
1.47 satisfies all of these requirements and this value- shall be used. The
distributions, being approxiaacaly logarithmic-normal, when presented
graphically, shall be plotted using a logarithnic ordinate scale and a
Gaussian abscissa.

E.6.1 Calculation of Asbestos Structure length Cumulative tfuaber
Distribution

this distribution allows the fraction of the total number of
aoboetom stxutCules either shorter or longer than a given length to be
determined. It is calculated using the relationship:

1-lc

C(N)k - x 100
i-N

where:

H

1-1

Cumulativa fraction asbestos structures (expressed in •
percent) ohich have lengths less than the upper bound o£
the k'th class
Number of asbestos structures in the i'th length clas*
Total number of length classes.

Z.6,2 Calculation of Asbeitos Structure Width Comolative Roaber
Distribution

This dietribution aUows the fraction of che total nuaber of
asbestos structures either narrower or wider than a given width to be
determined, tt is calculated in a similar way to that used In E.6.1, put
using the asbestos structure widths.
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B.6.3 Calculation of Aab*scos Stnictura Aspect Ratio Cumilative
Buaber Distribution

This distribution allow* the fraction of the total number of
asbftstos structures which hav« aspect ratios either smaller or larger than
a given aspect ratio to be detarmined. It is calculated in a similar vay
to that used in B.6.1, but Using the asbestos structure aspect ratios.
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1. THTRODDCTIOK

A sampling and-analysis method for the determination of asbestos In air
is presented irv Port 1 of this report, under separate cover. This ttethod is
designed specifically Co provide results suitable for supporting risk
assessments at Superfund sites, although it Is applicable' to a wide range of
ambient air situations. Considerations addressed during the development of •
the mochod are presented in this companion technical background document.
Also, in the Interest of facilitating tha use and interpretation of analytical
results derivod from the method presented In Part 1, recommended procedures
for manipulating such data as pare of a site evaluation are provided in •
Section 7 of this document.

•Ashesto* presents a complex challenge to investigators evaluating risks
at Superfund sites. Unlike' the -majority of other chemicals- frequently -
monitored at hazardous waste* sites, Asbestos exposures Can not be adequately
characterized by a single concentration parameter. This is because the
different sice ranges of airborne asbestos particles, even when they are of
the same mineral variety, exhibit different dose/response relationships. Thus
a more accurate characterization of Asbestos exposure is that arising from a
family of substartce-s'independently contributing to toxlclty rather than that
of exposure to a single chemical. Therefore, proper characterization of .
asbestos exposure requires that the relative contributions from each of. the •
many components of exposure be. defined. - ,-. . . . . .

Existing equipment and methods-used to .measure asbestos are limited in •
their Ability to fully characterize asbestos exposures. In addition, the
toxioity of asbestos is currently a subject of .scientific debate.
Consequently, monitoring asbestos in a manner that satisfies the needs of a
risk aasessEanC requires innovations that tax the limits of available .
technology. Several variations vore considered during development and the
method presented in Fare 1 of thi* report represents a workable compromise
among .several technical constraints.

The purpose foe documenting the data and assumptions used to develop Che
nothod proposed in Part 1 is to facilitate critical evaluation while
highlighting -the needs for additional research and for better documentation of
existing analytical results. Considerations addressed In this report that •
have been documented In the literature are cited accordingly. Considerations
that regain largely a subject of. conjecture are. also noted. Due to the
current .level of interest and activity provoked by asb&stos, further
improvements in asbestos sampling, analysis, and evaluation are anticipated.



2. OVERVIEW

Development of the method presented in Part 1 of this report began with
consideration of the kinds of data required to perform a risk assessment.
Because the primary objective is to provide analysis results that reflect
potential health risks, factors contributing Co the biological activity of
asbestos were considered to identify specific asbestos exposure parameters
that relate to risk assessment objectives.- • - • ' -

Published risk factors are expressed In terms of airborno concentrations
as datamined by phase contrast microscope (PCM) counts. However, a range of
dlntmslonal parameters have been shown to relate to biological activity in
addition to PCM counts. Therefore, to address persisting controversies La the
interpretation of asbestos biological activity, several parameters were
selected for characterization by the method presented In,this report. To
maximize flexibility, sanpllng and analysis results'will be recorded in this
method so as to allow for co-interpretation of results without the need Co re-
evaluate the original sample specimens. •

The characteristics of Cho kinds of environmental samples likely to be
collected and analyzed by. the proposed method were considered in order to
identify the sampling and analysis criteria, which aro required to satisfy the
objectives of a risk assessment. The morphologies of asbestos structures and
total dusts typically found in those sonples were considered in order to
determine requirements for distinguishing and characterizing components that
potentially relate to biological activity.

To determine the required l»v*l of analytical sensitivity for the
method, concentrations typical of environmental samples ware estimated fron
the limited published data. A rang* of typical concentrations was defined
from measured background and concentrations expected to be observed in the
immediate vicinity of asbestos sources. Precision criteria defined for the
method were developed by considering the requirements for delineating spatial
and tenporal trends in environmental asbestos concentrations as they apply to
risk assessment.

After the dimensional parameters to be characterised had been
established and the criteria for the sensitivity and precision of the method
had boon defined, the available sampling and analysis technologies were
evaluated to determine what combinations would be capable of providing the
required information. Because published risk factors are expressed in terms
of PCH counts, phase contrast microscopy was considered for use as the
analysis technique buc this was rejected for a variety of severe, inherent
limitations.

Despite the relationship between POI measurements and existing risk
factors, measurement of the PCH equivalent fraction of asbestos in
environmental samples has been shown to be less important for assessing risks



than characterizing tract lotto of asbestos that arc tore directly associated
with biological, activity (Chesson. ec al 1989a). Therefore, transmission
electron microscopy (TEH) was selected as the appropriate cool for' analysis of
environoimtal samples. • . - .-

Because sensitivity and precision are functions both of sonple .
characteristics «nd of rulos for analysis, alternate combinations of sampling
procedures, sample preparation techniques, and analysis methods Vere evaluated
to identify tha most cost-effective combination capable of providing the kinds
of analytical results necessary to support a risk assessment. Published TEH
analytical methods were evaluated for .their applicability to thin problem... •
Combined with several specific Modifications, many of the features of the
published analytical methods ware incorporated into the method developed in
this report. For sampling, alternate types of collection filters and the ..
degree of filter loading were addressed.' For TEH specimen preparation, both a
direct and'an indirect preparation technique were considered. For analysis,
the area of the filter to be.scanned vaa defined as a function of sample
loading and the required analytical sensitivity. In addition, counting rules
and'recording rules were modified to assure that data would be preserved in a
manner allowing detailed re-interpretation after analysis was completed,.
Finally, a two-phased, approach for sample collection and analysis was adopted .
for cost-effectiveness •, - . •



3. BACKCROtMD

Available data from published studios of asbestos exposure and
biological activity were reviewed to define method requirements as they relate
to risk assessment objectives. Existing sampling and analysis technologies
were considered to identify an approach that best satisfies the method
requirements, . . , . " . •

3.1. BIOLOGICAL ACTIVITY . • ' 1

It Is generally recognized .that health risks posed by exposure -to •
asbestos dusts depend predominantly on the concentrations and physical
dimensions of the individual fibrous structures In the dust. . Fibrous .
structures nay includa fibers, -bundles, clusters..or matrices, because airborne
asbestos is often found as a alx of such complex structures in addition to
single fibers. Asbestos structures nay also be found aggregated with eqoant
(non-asbestos) particles. Somewhat arbitrarily, fibrous structures have been
defined as those exhibiting aspect ratios greater than 3:1 to distinguish them
from isometric particles (Walton, 1962). Isometric particles, have not been
shovn to exhibit tha esmo types of biological activity eus fibrous structures
(Elnes, 1982). However, a cutoff In aspect ratio below which biological
activity can be considered insignificant has not been -formally established. .

Although it has been shown qualitatively that a relationship exists
betyeen the physical dimensions of fibrous structures and biological activity,
the form of the relationship appears to be complex (see for example: USEPA
1986a). The relationship between certain types of structures and biological
activity has been investigated in a, series of animal studies. Based on these
studies, asbestos toxiclty varies directly with the length.and-inversely with
tha width (thickness) of asbestos fibers. Thus, the longest and thinnest
fibers tond to be the most potent. However, there has not been general
agreement on a islninua length below which the biological activity of- asbestos
can be considered insignificant (USEPA 19S6a). Therefore, the exact shape of
the relationship between length, diameter, and potency is still a subject of
controversy. ' . .. .

Unlike fibers, the biological activities of bundles, clusters, and
matrices have not been investigated directly. Some investigators (see for
exanple: Nicholson, 1988) believe that biological activity correlates best
with the mass of the structure. Hovev*r, other investigators do not chare
this view (see for example; Bertruad and Pezerat, 1980), Although, various
individuals have proposed theories concerning the relationship between
aggregates (bundles, clusters, and matrices) and biological activity, due to -
the lack of data, such theories currently reoain in the realm of conjecture.

Several studies (see for example: Botrnoau et al, 1986) indicate that the
mineralogy of a structure also plays a role in determining the biological
activity of the structure. The majority of studies relating biological
activity to physical dimensions indicate that structures bearing appropriate
dimensions all tend to exhibit «i«llar biological activity provided that the



structures are durable In vivo (See for example: US£rA 1986&), In contrast,
the Bonneau paper la ono of a small number of papers that reports chat:
structures with Identical dimensions that; are composed of different minerals
exhibit, different levels of biological activity.

Based on a review of the published studies,: it is apparent that the
characteristics of an asbestos dust that best relato to biological activity
are still a subject of scientific debate. The principle outstanding issues
are: . ... •

(a) whether the total-structure count adequately trades-the biological
activity of asbestos or whether a specified, minimum length can be
defined' below which contributions to biological activity nay b«
considered unimportant; •. • •

(b) vhethex asbestos aggregates (bundles, clusters, and matrices)
should be counted as single entitle* or weighted in proportion to
the number of individual .fibers present in tho aggregate to
properly represent their contributions to risks;

(c) whether biological activity correlates with the overall mass of an
asbestos structure; ,

. (d). whether durable; non-asbestos fibers with s.imilar ntorphologies to
asbestos are biologically active;

(e) whether to employ different criteria for different asbestos
'mineral typos or. for different exposure .circumstances (eg.

. exposure.to mine tailings verses exposure .to.textile wastes,
• • .etc.). : -

Idaally, the results Of an .analytical aethod should bo, sufficiently flexible
to allow fof Interpretation based on any of the prevailing theories concerning
biological activity so that such results will retain validity even as the
understanding of asbestos dose/response relationships matures.

3.2, . RISK FACTORS . .

. Although animal studies provide an indication of the qualitative-
relationship between physical, characteristics and potency, they are net useful
for .quantifying dose/response relationships for .humans. .Such risk factors
have been derived for asbestos from existing, epidemiological studies in which
the exposures of -the cohorts evaluated are based on a combination of • . ,
analytical -methods Including, primarily, midget imp Inge r and.phase contrast..
microscopy (USEPA. 1986a). However, phase Contrast microscopy (PCM) and
midget imptnger. ae&sutements provide only crude indices of exposure and do not
necessarily track characteristics' representing the biological activity of
asbestos. . • . .



The. traditional methods of characterizing exposure used in existing
epidemiology studies have not proven adequate to develop a dose/response,
relationship that uniformly Applies under all exposure circumstances.
Published risk factors vary hy a factor of 50 depending on the. specific -
exposure catting studied (USEPA, 19B6a). This may-be due to one or a
coobination of several factors that: include errors -and uncertainty in tho
quantification of mortality, errors and uncertainty in the quantification of •
exposure, differences in. the size distributions of structures, and differences
in the way that the various analytical, techniques respond to dusts containing
varied structure size distributions. Due to these limitations, such risk
factors should be viewed as order-of-magnitude estimates at best. Despite
such limitations, however, published risk factors (proporly modified'by
considering other factors that have been shown to dafino biological activity)
represent the only reasonable tools currently available for estimating,risks
froni measured asbestos exposures.

Published risk factors are generally, expressed in terms of PCM counts.
When data from different types of analytical techniques ware combined in the
existing epideaiology studies, results were generally normalized and converted
to PCH equivalent counts before completing the evaluation. However, dospite
tho face that published risk factors are generally expressed In terms o£ PCM
equivalent counts, quantification of the PCM.visible.fraction of asbestos in
current measurements date not provide the best index for. comparing current
asbestos measurements to existing risk factors. - •• •• . .- . .......

It has been shown that the use of identical .methods for measuring
asbestos exposure in two different settings (such as two different factories).,
is not sufficient to assure the direct comparability of the two measurements,
at least in terms of comparing risks (Chesaon et al 1989a) . Heasuremencs. f rora
two different exposure settings, where the characteristics of asbestos dusts
nay vary, only indicate relative risk when the characteristics of asbestos
that determine biological activity are mtoftured directly. Other measures of
asbestos exposure that do not relate directly to biological activity may not
remain proportional to- the characteristics, that determine biologies,! activity
in different exposure settings. Therefore, PCM counts and other measure* of
exposure that do not relate directly to biological activity do not provide-
results from different exposure settings that are proportional to risk.

The best approach for monitoring current asbestos- exposures to estimate
risks is to measure the characteristics that relate directly to biological
activity and to compare the results co existing risk factors using adjus.twsnt
factors that relate PCM counts from the historical studies to proper exposure
characteristics representative of.the historical exposures. Such adjustment
factors may be estimated from published asbestos characterizations 'determined
using transmission electron microscopy (TEH) by pairing characterizations from
specific exposure settings with existing risk factors derived from siallar
exposure settings. Alternately, exposure settings (selected for their
similarity to settings originally studied to derive the existing risk factors)
could be re-characterized using the method presented in this report, to provide
improved adjustment factors. . i -



The approach recommended-In the. last paragraph for estimating risks
presupposes & concise definition of asbestos-characteristics that relate to •
biological Activity. Because the definition of such characteristics remains a
subject of controversy, the aethod presented in thia report is designed to
retain sufficient Information from each analysis to span the range of '. J

characteristics currently considered likely to impact biological activity. •
Thus, results may be -easily re-evaluated In the future.

3.3. MORPHOLOGY OF ASBESTOS DUST3 . . :

The size distributions of asbestos structures are not the only
characteristics of asbestos exposure that are potentially critical to
biological activity. This la because asbestos structures will always be ' •
accompanied by other materials as components of dust, even in the workplace.

The niajor components of dust in all environments (occupational and
environmental) are nonf ibrous, isometric particles. Fibrous structures
consistently represent a minor fraction of total dust. In addition, even
Among -fibrous structures, asbestos represents a variable fraction of the total
present. Tho relationship between these fractions Is depicted in Figure 3.1.

Figure 3.1 is a Venn diagram depicting the universe of particles present
In dust. Fibrous structures represent a minor fraction of total dust. Long
fibrous structures represent a subset of total fibrous structures. Optically •
visible fibrous structures, those that are visible using a phase contrast
microscope (optical microscope), represent A subset of long fibrous
structures, The Importance of the optical fraction of asbestos dusts la
addressed in Section 3.2. Although not depicted, each of the subsets of
fibrous structures could potentially be further subdivided into-individual '
fibers, bundles,' clusters, and/or matrices;

Particles composed of asbostiform minerals represent an independent ' '
subset of total particles that Is distinct" from fibrous materials. -The
overlap between ashestiforra minerals and fibrous structures represents the '
fraction of fibrous structures that are asbestos. - Correspondingly, subsets of
long, fibrous structures and optically visible, fibrous structures (the PCM
equivalent "fraction) are also composed of asbestos. • .

The largo square in Figure 3.1 represents the fraction of respirabia
particle*. Subsets of asbestlform particles, and the three fractions of
fibrous structures are Also rosplrable. The large circle at the bottom of tho
diagram represents the fraction of particles traditionally counted by midget
intpinger. Note Che United overlap with fibrous structures. Tho shaded area
of Figure 3,1 represents the fraction of-resplrable structures that are
fibrous. Tha cross-hatched area represents the fraction of asbestos dusts
(the long structures) currently believed to be tho most biologically active. •

Figure 3.1 is a qualitative representation. The relative size and
orientation of the -various fractions depicted will change as a function of the
occupational or environmental setting considered. For example, the overlap



between asbestiform structures and fibrous structures is expected to be much
greater In asbestos occupational gettings than in environmental settings. In
this Banner, Figure 3.1 is probably more representative of an environmental
setting.

Only a very limited number of available studies address the issue of Che
fraction of dust particles composed of asbestos. This is because in genoral,
either the analytical technique used in a study has been incapable of
distinguishing asbestos fxoa non-asbestos or, if the analytical technique was '
capable of distinguishing asbestos from non-asbestos, only asbestos particles
are traditionally characterized. Table 3.1 presents data .froa the few studies
where the fraction of asbestos particles in dust was considered.

Unfortunately, much of the data in Table 3.1 provide an indication of
the fraction of total particles composed of asbestos, while ic la the fraction
of fibers composed of asbestos that: is of principle interest. In some
exposure settings, a measurement of the fraction of asbestos In total,
particles may simply reflect the fraction of total fibers in total particles
with no manner of distinguishing asbestos froa non-asbestos fibers. .

The data presented in the table £roa Chorrie et al (1987) and from
Altree-Hilliams and Preston <1985) Indicate that, while the vase majority of
fibare in an asbestos (textile) factory nay be composed of asbestos (which may
be representative of occupational settings), the fraction of fibers composed
of asbestos in other exposure settings (Including environmental setting?) nay
vary over a wida range.

3.4. PUBLISHED SIZE DISTRIBUTIONS .

In any exposure setting, airborne asbestos exists as a series oC simple
fibers and complex structures of varying length, width, and breadth.
Historically, available analytical techniques were capable of detecting only a
fraction of the population of asbestos structures existing in an exposure .
setting. Thus, only an'Index of exposure could be measured.

In th« last 15 or 20 years, jaeasurwnents with .the superior resolving
power and magnification of the transmission electron microscope (TEH) have
allowed complete characterization of tha distribution of sizes and
morphologies of asbestos structures that exist within an exposure population.
Comprehensive characterization of asbestos exposures by scanning electron ,
microscope (SEM) have also been reported, although the visibility .of SEN
(resulting from the combined constraints on resolution and contrast) Is not
generally sufficient to.detect th« smallest .and finest -asbestos structures
(Walton 1982).

Table 3.2 presents published asbestos size distributions that were
characterized by electron microscopy. The first column of the table lists the
exposure setting in which the distribution was measured. The second .column
provides the type of asbestos monitored. The next several columns provide



FIGURE 3.1: COMPONENTS OF RESPIRABLE PARTICLES
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TABLE 3.1: PUBLISHED MEASUREMENTS OF THE FRACTION OF ASBESTOS IN DUST
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Table 3.1 (continued)
Key

Exposure Sellings:
AC Dust from ajbeaos/ocment sanding
AP Asbestos production plant '
ATB Dost from asbestos tape and board
BC Dust feon a braie and ctmch plant
Bag Dust from tagging

Cape Capetown, South Africa '
Cstr Dust from construction

CP Asbestos'ceinent pipe manufacture

Card Dust from carding
Crsh Dust from crushing ;
Get Diutfromoming

Dump Dust from raw material dumping

•Dry Dust from drying '- .
Pin Dual from fiber finishing
FP Friction products plant

.Fprp Dust from fiber preparation

Form Dust from forming
Qmd Dust from grinding-
Ins) She where insnhiion is applied
Mill Dust from asbestos milling

Mine Dua from asbestos mining
Mix Dust from fiber routing
Orest Dost (torn ore storage
Out Outside Plant
Pinsl Pipe insulation manufacturers

KR Railroad factory
Spec Nonaandard clearance, etc,
Spin Dust from fiber spinning
Tran Transvaal, Souih Africa

Twst Dust from fiber twisting
Txt Dun from textile plant
UICC . Sample of UICC standards
Weav Dust from weaving

Fiber Types:
Actn Actinolite
Ampb Non-amosite amphibole
Ams Amositc
Chr Ouysotile
Crc Crocidolitc
Pr Predojnlnanjly.

Preparation Techniques:
D Direct
I Indirect • .
M Mixed cellulose ester filter
N Polycarbonate filter

• Spec NonStaBdard preparation1 >
Analytical Methods:

PCM Pbase contrast microscopy
K Konimeter . .
MI Midget impinger
SEM Scanning electron microscopy
TEM Trattsmission electron microscopy
TP Thermal precipitator

Miscellaneous:
() Extrapolated from data
(T) Total fibers

. . .
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information on the techniques used In the study to generate the size data.
Those columns Use. respectively, the method used to prepare the samples, the
typo of microscope used to determine the size distribution, and the
magnification employed. The' next: two columns present reported median lengths
and median diameters of the fibers in the distribution characterized.

Size distributions are presented in Table 3.2 as the number percent of
total asbestos structures foe structures in each of a series of size ranges
that are listed in the headings of the next several columns. The column
headed "percent with lengths loss than 5 /in* represents tho fraction of short
structures detected within the particular distribution listed. The next two
columns list structures with lengths greater than 3 tira. The second of these
columns presents tho fraction of structures with diameters (widths) greater
than 0.25 fan, which represent the fraction of PCM equivalent structure's
detected. Since 0.25 /nn is tho limit of resolution generally quoted for phase
contrast microscopy (PCM), this column represents tha fraction of structures
that would be detected by optical microscopy1. The first of the tvo columns
representing structures longer than S fin lists structures that are too thin to
ba resolved by Optical microscopy: tho long, thin structures. The SUB of PCM
equivalent structures and long, thin'structures represent the fraction'of
structures defined as long structures. '

The four columns to the right of long, thick structures on Table 3,2,
provl4* number percent fractions for two other .ranges of length within the:
component represented by long structures. These are shown because it is
possible chat tho most biologically active asbestos structures nay bo more
restricted, than indicated in Section 3.1 and 3.2- and Figure 3,1. B«ch length
range is also subdivided Into those resolvable and those unresolvablo by
optical microscopy (PCM). . . . -

Because chrysotile dusts have b«en characterized most frequently aaong
the published fiber size distributions, the data for chrysotile (grouped by
exposure setting) are presented in Table 3.3. Table 3.3 Includes size
distributions for dusts characterized both .as "chrysotile" and as
"predominantly chrysotllo", that includes approximately half of all of the
distributions presented in Table 3.2. The format of Table 3.3 is identical to
that used in Table 3,2.

Although data are compressed and extrapolated i,n Table 3.3. (and Table
3.2) so that results from each study could be presented In a' common format,
tha gross features of chrysotile size distributions can b* summarized based on
tho detailod recults of the studios listed. Where such 'studies provide
sufficient detail, similar features are found for all" chrysotile dusts

1 Note that tha Unit of resolution of PCM depends on a variety factors
including the type and the condition of the Instrument. The typical ranges of
resolution quoted for PCM la between 0.2 and 0,4 /im. The impact of such
variation on the Interpretation of results is considered in later sections.

. " . ' .13 ' . . ' ' •



TABLE 3A STRUCTURE SEE DISTRIBUTIONS MEASURED IN VARIOUS ENVIRONMENTS FOR SEVERAL ASBESTOS MINERALS
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TABLE 3.2 (CONTINUED)

Ib/,,/£ /
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1 1 1 1 * 1 1 11 I > I 'is 1 '§ I / / Fraction of Asbestos Fibers in Size Categories (% by Coont)
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TABLE 3.2 (CONTINUED)
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TABLE 3.2 (CONTINUED)
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TABLE 3.2 (CONTINUED)

/
Laboratory j

1

i
. 1

Txi

Tit

Txi/Out

Txt/0«

Clearance

Clearance

BldgwJInsl

BWgw/Insl,

Urban

Uitan

ut
QuB

OirB

Ams

Aim

Qtc

Oc

Thri

Tnn

Chr
»*

Qc

PChf

POu

PAms

PAms

PAms

PAms

None

None

SEM

TEM

SEM

TBM

SEM

TBM

/ /

' ^*^^ / ^V

I/M

SEM

TEM

SEM

TEM

SEM

Dt/M

5
TBM

SEM

TEM

SEM

TBM

SEM

TEM '

1*1*\

\

•

;

/

Faction of Aibcstoa Fibers in Size Categodcs (% by Count)

/L<5*ira

69

89

74

84

88

D<aai«

93 !

SO

»
! 78CD
i

'• I
Hi

1

. "
; •

|

1

* i

i

60 CD

siro
-

66 fT)

82 (T)
[

63 (T)

| 0DCT)

69(T)

-

L>5M
DXUS^m

.

LJ-IOOT
D<O.I5>!na

LJ-lOwn
D>0,3Jpm

L>10An L>10«n
D<02J^m D>OLZipm

'.

•

!
•
;

!

Rtferenco

(u)



TABLE 3.2 (CONTINUED)
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Table 3.2 (continued)
Key

Exposure Settings:
AC Dusi from «t«tos/cen»nt sanding
AP Asbestos production plant
ATB Dugt Cram asbestos tape and board
BC Dusi&omaliialMimdchjtchplant
Bag Dust from bagging
Cape Capetown. South Africa
Csir Dust from construction

fjp Asbestos/cement pipa manufacture

Card 0i|SLfrooi'cardio| •
Otsli Dust &om crushing
Cut Dust from cutting

Dump Dtjst from raw material dumping

Dry Doa from drying " ;

Fin Doit (roth Qbw flalshing
FP~. Friction produos plant '
Pprp Dun framCbsr preparation

Form Dust from forming
CnnI"^-DusLCrom grinding
lasl Site wh«e insulation is applied
Mill Dust from asbestos miUfag

Mine Dust from asbestos mining
Mix Dust from fiber mixing
Orest Dust &cmi ore storage
Out Ouiside Plant
PJnsi. Pipe insolation manufJactorets
Que Qitsbec, C&nada
RR Railroad factory
Spec NonatandardckanmM.etC.
Spin Dust from fiber spinning
Iran Transvaal, Souih Africa
Twst Dust from fiber twisting

Tit Dost &om textile plant
UICC Sample Of UICC standards
Weav Dust from weaving

Fflw Types:
Actn ActinolUe
Amplj Non-amositeamphibole
Arns Amosiie
Chr ChrysOtilB
Ore Crocidolite
Pr Predorrunwiily,

Preparation Techniques:
D Direct
I Indirect
M Mixed cellulose estor filter

H Polycarbonate filter
Spec Nwtstsndard preparation

Analytical Meliflds

PCM Phase conuan microscopy
K Konineter
MI Midget impingcr '
SEM Scanning electron mkroscopy

TEM . TnuismusJon electron microscopy
TP Tliermal precipitator

mgrjllanprmr-

() Extrapolated from data
CD Ttaalfibas



TABLE 3,2 rcontinuedl

JflflrKKtMCES

1. Gibbe ani Hwang, 1380.
2. Glttis and ftang, 1975.
3. EWang an3 Gitte, 1981.
4. Bectett and Jarvis, 1979.
5. Glhbs and du Toit, 1979.
6. lynch «t al., 1970.
7. Deraent and Harris, 1979.
8. Sebastfen et al., 1984;
9. Maxooni at al., 1984.
10. Snyder et al., 1S87,
11. Cherriaetal., 1587.
12. RenJaU and SJdkne, 1980.
13. Winer and Cassette, 1979.



analyzed. Briefly, the distribution o£ structure lengths is unlmodal and
staved with the mode occurring betvoftn 0.8 end 1.2 /<«. The tail of the
distribution extends out so that longer structures are present, but at
decreasing frequencies. S true Cur OS longer than 5 >io> constitute no more, than
25* of the total and. £requently constitute less .than 5%.. Structures longer
thro 10 ̂ TO constitute no aore than half of the concentration of structures
longer than 5 jnn and frequently represent less than 2% of the total structures
counted. Thus, representative counts of longer structures can only be
guaranteed if counting procedures direct that long structures be counted
independently from short structures and that 5 to 10 times as much. area.is
scanned for the count of long structures. Such a procedure is tanned
statistically-balanced counting {Sebastian ot al. 1982).

The reported magnitude of the fraction of short'structures needs to be
addressed with caution. Because the distribution of structures pea*ks in the
vicinity of 1 /art and on the order of one half of the short structures are
shorter than 1 jtn, the relative number of short structures In a total . .
distribution Is extremely sensitive to the talninsum size of the structures
characterized. For example, counting all structures longer than 0.2 jam in
langth is likely to yield a structure sice distribution where structures
longer than S pa constitute less than 'S% of the total vhtle the sane
distribution truncated at 1 /im minimum length- will yield contributions from
long structures of 20*. The lower length limit counted Is not reported in "the
majority of these studies. However, those where the limit is known all show .
short structure contributions greater than 90% (with corresponding . '
contributions by long structures of less Chan 10%).

Diameters for chrysotile structures also vary. The median diameter of a
typical structure 1*£S than 5 jim in length lies between 0.02 and 6.03 ffa and
virtually all of the structures less than S fun long have diameters less than
O.OS /til. Mean diameter* Increase with increasing length, but the Increase is .
not proportional, so that the aspect ratios of long chrysotile structures are
much larger than the aspect .ratios of short structures. The thinnest
chrysotile structures exhibit diameters on the order of 0.02 pus.

The data in Tables 3.2 and 3.3 must be interpreted carefully. ' Although
the majority of the listed studies employed TEM to derive, structure 'size
distributions, lack of standardization of sample preparation .techniquoE, of
rules for counting and characterizing, structure's, and of the criteria used for
establishing the mineralogy of counted.structures potentially contribute to
analytical variation between the studies (see Sections 6,1.and 6.4). For this
reason, comparisons of distributions within a study are,more.reliable.than ,
comparisons between studied. In fact, the data In. Table .3.2 clearly indicate
that at least 2 studies are quantitatively different.than the'other studied.
For the sane fiber typa In sloi.lar exposure settings, Randall and Skikno
(1980) and Korean! Qt al (1984) consistently report distributions-containing a
greater fraction of long structures than the other studies. 'Unfortunately,
none of the studies contain sufficient documentation of .the methods used to
derive, size distributions to deteraln* the cause of the apparent .;• ..
discrepancies. -. • ',

• ' 22 . • ' - ' . . . . ' • • ' . .



TABLE 33: STRUCTURE SIZE DISTRIBUTIONS MEASURED IN VARIOUS ENVIRONMENTS FOR CHRYSOTILE ASBESTOS
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TABLE 33 (CONTINUED)
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TABLE 3.3 (Continued)
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Table 33 (continued)
Key

Exposure Sellings:
AC Dm from asrjcsios/cerntJU sanding
AP Asbestos production plant
ATB Dust from asbestos lape eod board
BC Dua from a taate and dutch plant
Bag Dust from bagging

Cape Capetown, South Africa
Cstf Dust from constrndJon

CP Asbestos/cement pipe manufactore
Card Dust from carding

Crab Dust from crashing
Cut Dost Grom culling

Dump IXm from raw material dumping

Dry Dust from drying
Fin Dost from fiber finishing

FP Friction products plant
Fprp, Dust from fiber preparation

Form Dun from forming
Omd Dust from grinding

Insl Slie where tnsulatkm is applied
Mill Dust from asbestos mlllbg

Mine Dust bom asbestos mining
Mix Dost from fiber mixing
Orest Dost from ore storage
Out Outside Plant
Pins) Pips Insulation manufactDrers
Oue Quebec, Canada
RR Railroad factory
Spec Nonstandard clearance, etc.
Spin Dust from fiber spinning

Iran Transvaal South Africa

Twst Dust from fiber twisting
Tit Dust from textile plant
UICC Sample of U1CC standards
Weav Dust from weaving

Fiber Types:
Actn Actinollie
Ampb Non-amositaamphiboJo
Arm Atnositc
Chr Chrysotile
Crc Crocidoliie
Pr Predominantly

Preparation Techniques:
D Direct
I Indirect
M Mixed cellulose ester filter

N Polycarbonate filter
Spec Honstandard preparation

Analytical Methods

PCM Phase contrast mtooscopy
K Konimeter
MI Midget impinger
SEM Scanning electron microscopy
TEM Transmission electron microscopy
TP Thermal preclpitaior

Miscellaneous:
( ) Extrapolated from data
(T) Total fibers
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Th« extent that the published sizo distributions presented in Tables 3.2
and 3.3 aro representative of the exposure settings examined also needs to be
considarod when comparing results between studios. In most: cases, each of the
distributions presented is derived from a single grab sample. Since It is not
known to what extent the size characteristics of an asbestos dust in a
particular exposure setting very over tine, it is unclear haw to relate single
grab samples to the general features of an asbestos dust in. a particular
exposure sotting. Nevertheless, this is currently the only data available for
providing an indication of the distribution of particle size in (environmental
and occupational) asbestos dusts.

Despite tho above caveats, Che data in Table 3.2 clearly indicate that
different asbestos mineral types tend to produce dusts with distinctive size
characteristics. Amosice dusts appear to contain, the greatest fraction of
Ions and thick structures. Averaged over the 26 distributions for amosita and
predominantly amosita dusts. 34% of total amosittt structures are longer than
5 fm. This compares with 10% of the total structures in the 53 chrysotilo and
predominantly chrysotile dusts and 12% of the Id crocidolite dusts. The
difference between amosite and the other two mineral types is further
exaggerated if Marconi oe al (1984) and Kendall and SlciJcne (1980) are removed
fron the data set.

NOTE

The absolute magnitudes of the fraction of long structures in a
distribution all represent upper limits and may be revised downward
depending on tha aininura lengths counted in each of the studies.
However, tha relative values (between mineral type) are less likely to
be affected because the observed differences are also apparent within
individual studies, including tha Kendall and Skitene study.

Although chrysotile and crocidolite dusts appear to contain cooparable
length distributions, the data in Table 3.2 Indicate chat chrysotile dusts
tend to contain thicker structures than crooidolite. For example, tha
fraction of dusts visible, by optical microscopy (those thicker than 0.25 jcm)
represents an average of 9% of chryeotilo dusts with a range of 1 to 50%,
Only an average %̂ °£ crocidolite dusts are visible by optical microscopy
(range 1 to 18%). The range of dianuaters across chrysotila dusts may
actually be narrower, if inter-study variation is considered. Removing the
Marconi «t al (1984) data and one apparent outlier front Snyder et al (1987),
the range of the fraction of atruecures visible by optical microscopy in
chrysotile dusts is reduced to between 1 and 18% with an average of 8%. Hote
that tha Uiner and Cossette (1979) data vote not Included in the above
averages because thick structures were counted by optical microscopy in this
study and such results cannot be compared directly with the TEH data presented
for counts of total long structures.

As indicated previously, anosite dusts appear to contain the greatest
fraction of thick atrueCures. Between S and 63% of total anosita structures
are thick enough to ba visible by optical microscopy with an average 25%
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araosite dusts. Interestingly, the median diameters reported for dusts do not
appear to track the fractions of dusts represented by specific ranges of
thicknesses. This Is not surprising and simply indicates Chat size ranges arti
heavily skewed so that tho moan and the median of the distributions are widely
separated.

Overall, the fraction of long structures in crysotlle and crocidolite
typically represent less than 25» of total structures. Approximately 20 to
70% of long chrysotite structures or 1 to 18* of total chrysotlle structures
are visible by optical microscopy. Although the data Is sparse for
crocidolite, approximately 10 to 50% of long crocidolite structures are
visible by optical microscopy. In contrast, the majority of long amosita
Structures are visible optically and long structures typically represent up to
50* of tJie total^number of anosite structures present. In general, therefore,
the fraction of amosite dust visible by optical techniques is up to 3 times
higher than for chrysotile or crocidolite, although all three show a vide
range.

As indicated earlier, the magnitude of the range and average fractions
of long structures and structures visible by optical microscopy reported for
tho various size distribution may be revised downward subject to the aininnna
size counted in the distribution. For example, assuming published size
distributions could be adjusted so that structures longer than 0.2 pm were
included uniformly, long structures likely represent less than 10% of total
structures in chrysotile size distributions and 4% may represent a better
average fraction of structures in chrysotile that are visible by optical
microscopy. This is in contrast to the numerical averages for these size
fractions (23% and 8%, respectively), which wero calculated directly from the
data and presented above. Similarly, only 2* of crocidolite structures may
fall vlthin the range visible by optical aieroscopy.

It must be emphasized that the published size distributions presented in
Tables 3.2 and 3.3 do -not generally indicate whether aggregates are included
or excluded from the distribution presented. However, aggrogatos likely
represent major components of all asbestos dusts found in the environment (see
for exanpl«: Chat field, 198 5b). In other examples, data generated at the
Atlas and Coallnga Suporfund sites in California indicate Chat S0% of the
Btruecures collected In tho vicinity of the Atlas and Coallnga mines are
matrices or other aggregates. Data fron the South Bay Suporfund site In
California indicate that aggregates represent between 10 and 30% of the
structures found in fibrous dust at this site. In two studies, Sebaatlen et
al (1984 and 1986) report that aggregates constitute 40* of the fibrous
structures in asbestos dusts found in the vicinity of the asbestos mines in
Quebec.

One observation concerning size distributions that relates to biological
activity address the spread in apparent risk factors derived from different
exposure settings (see Section 3.2). Variations in fiber size distributions
in dusts fron different exposure settings have been Identified aa one of
several possible causes of the observed spread in.reported risk factors from
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published epidemiology studies (sao for example: USEPA 1986a). However, such
variations are not readily apparent in Tablo 3.3. Overall, a alight trend
toward Increasing length for structures in dusts from mining and Billing
(oxcopt for bagging), through bagging, to textiles appears when distributions
for these exposure settings are averaged. Structures in dusts from friction
products and asbestos/comont pipe both appear shorter than textiles, although
they cannot be distinguished from either nlning, milling, or bagging.

Within individual, studies, trends relating asbestos structure dimensions
to exposure catting should be easier to distinguish since inter-study effects
do not interfere. The clearest trend appears In the data reported by Dement
and Harris (1979) with structures in dusts Increasing in length from
asbestos/cement pipe, through friction products, to textiles. Such trends are
not apparent In the data of Winer and Cossetto (1979) or Snyder (1987).
However, the representativeness of the samples in terms of the types of dusts
generated in the exposure settings examined has not been addressed in any of
the studioe except for Dement and Harris. None o£ the other studies listed
In Tables 3.2 and 3,3 contain sufficient data Cor a single mineral type over a.
broad enough rang* of exposure settings to address this question. To resolve
issues concerning the quantification, of the risk associated with asbestos
exposure, additional structure size characterizations may need to be developed
using a standardized analytical method.

3.3. REPRESENTATIVE ASBESTOS CONCENTRATIONS

A limited -number of published studies contain measurements of ambient
concentrations of asb«stos. Unfortunately, the utility of the data from these
studies is restricted by the use of different analytical techniques and
Methods of reporting so that; the results from different studies generally are
noe directly comparable (Chatfield, 1983b). Another problem with the
available database is that several of the studios report results in mass
equivalent concentrations and it hns been shovn that mass concentrations do
noc generally correlate with structure counts at ambient concentrations
(Chatfiald, 198Sc). The high mass measurements that sporadically occur within
any set of ambient samples are frequently due to the presence of a single,
large aggregate on. the sample filter, while the overall structure count
remains low.

Available ambient asbestos measurements are presented in Tables 3.4 and
3.3. Table 3,4 presents representative background concentrations in various
environmental settings and Table 3.S presents several representative
concentrations near sources of contamination. To distinguish ranges of
concentrations that likely represent natural background from anthropogenic
contamination, both the range of concentrations and the oodian concentrations
reported in each study are presented in the tables. The median concentrations
probably are better to base judgments upon since tSiey tend to smooth the
effects of outliers that potentially skew tho limits of the reported ranges.

To tho extent that the data are available in each study, concentrations
are expressed in the tables In three formats: total asbestos structures per
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unit air volume, asbostos structures visible by opcical microscopy (PCM
equivalent) per unit: air volume, and asbestos mass per unit: air volume. As
addressed in later sections of this report:, each of these formats has
particular advantages and disadvantages. As indicated In the first paragraph
of this section, however, the concentration formats are virtually independent
variables; correlations between these formats that have been reported in the
literature have boon weak at best.

Comparisons between results presented in each of these tables should be
made only with extreme care. Although the data presented Is entirely front
studies employing transmission electron microscopy, comparisons between
studies must address the type of preparation (direct or indirect) employed and
the specific size fraction of asbestos counted. Unfortunately, docuaentation
for several of the studies ia insufficient to determine precisely what size
fraction was counted and whether aggregates are included or excluded from the
count.

A few of the studies referenced in Tables 3.4 and 3.5 address the
question of aggregates and provi.de a qualitative indication of size
distributions, Sebastian et al (1986) indicate that in and around tho mines
of Quebec, 14% of structures longer than 5 pm are aggregates. This
corresponds closely to the fraction of the long structures that represents the
PCM equivalent fraction. Several authors report that asbestos structures
encountered as background at remote locations are all short (leas than 5 pm)
chrysotllo fibers (see, for example, Chaefield, 19BSc). It is unclear,
however, whether the detection of only short structures is solely duo to
statistical limitations in the number of structures encountered (longer
structures are one CO two orders of magnitude less abundant than short
structures in most chrysotile distributions) or whether such observations
represent a valid phenomenon indicating that the detection of contamination
representative of a anthropogenic source can be limited to searching for long
structures.

Due to the severe limitations of this database, 1C is difficult eo
identify reasonable target concentrations that represent the boundary between
natural background and anthropogenic contamination. Hovavar, certain
:generalisations are apparent. For example, the data in Tables 3.4 and 3.5
suggest that analysis o£ samples prepared by on Indirect-transfer technique
generally yield results that are higher than analyses of samples prepared by a
direct-transfer technique, However, because the concentration of indirectly
prepared samples cum bo optimized to facilitate analysis, it is the limiting
concentrations observed on directly prepared samples that is of principle
concern foe development of tho method.

Of Che results identified aa derived from directly prepared samples in
Table 3.4, the range of median concentrations reported for total structures
spans from less than 0.4 s/L to 6 s/L. tlot« that this range does not include
the median of less than 0.01 reported in one study (Tuckfield at al 1988),
which appears to lie oucsi.de the range of the majority of other studies.
Results reported In studies where the preparation technique was not specified
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TABLE 3.4: PUBLISHED BACKGROUND CONCENTRATIONS OF ASBESTOS

Environmental
Setting

Outside Schools

Outside Schools

Outside Schools

Outside- Schools
Outside Public

Buildings
Urban

Urban Toronto

Urban Paris
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Urban

New York
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TABLB3.4 (CONTINUE))

Environmental
Setting

Suburban

Remote

Remote

Remote (FRO)

Rural Ontario

Rural

Rural Austria
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TfiHE 3.4

KOQOIES:

a. Values in these columns represent estimated median values for the range of
concentrations reported in the study. In some cases, due to the form of data
presentation, values presented in this table represent the median of a range of
averages. In other oases, wbich are marked accordingly, only mean values could
be derived from the study.

b. The lowest and bluest values reported in each study are presented here as the
'limits of the range of reported concentrations, m sons cases, due to the form
of data presentation, the values presented in this table represent a range of
average values from multiple locations.

c. values in this column represent an estimated average of the analytical
sensitivities reported, for each roeasureraent in the study.

d. These values are based on KM analyses rather than TEH analyses.

e. ibis is a range derived from the manipulation of paired KM, TEM analyses.

f. Ibis value' is simply the quotient of the median values for the parameters
indicated.

g. Obese values are' derived from a single measurement.

n. Ibese values represent total structures longer than 5 ua rather than KM
equivalent structures.- • •' -

i. These values are ««HT|H*<yl values.

j. Thaaa values are tha mean of a ranga of conoentrations rather than the median.

k. Ibis is a range of moans of jiultiple cnr̂ plf" frost ssvoral locations.
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TABLE 3.5: PUBLISHED ASBESTOS CONCENTRATIONS PROXIMAL TO ASBESTOS SOURCES

Environmental
Selling

In Buildings

-with asbestos

-with damaged
asbestos

-with asbestos

-with no asbestos

-with asbestos

Toronto subways

Toronto subways
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Near waste piles

Paraoccupatioaal

a
Median of Reported Oonaauatioas

i/1 PCME/1 ngfa3

<5

V~M '

OA

0.1

—
25 '

200

— ..

60

' ' —

<!

- —

•

• — '

, . — •

40 e*

7 b

•_

<«.!

—

'

- .—

12

0.2

15

-— '.

—
. —

b
lange of Reported Cdnceniraiions

$4 POtJ^fl ng^n3

(MO

—_

.— :

—

15- ISO

40-3000

.13440*

0-2

—
— •

—

—

0-15*
c

0-55

<MOd

—
— '

0-750

OjOlS-50

02-200

15-15<H ~

" oj-ds'
0-100 e

—
*̂ "

Conversion
(PCME/lto ng/n?)

• •• j •

e,f
: • 03

0.9

' •

Analytical
Sensitivity °

. •:.

' . . . ' '

Preparation
Technique

direct
__

— '

—

direct

indirect

indirect

direct

Reference

©

©

©

<D
®
®

®
©©



TOFTR 3.5 (OCNEIMUED)

Rk>Mjliti>:

a.

b.

c.

Values in those ooluans represent estimated median values for the range of
concentrations repotted in the study, to sans cases, due to the form of data
presentation, values,presented in *h<a table represent the median of a. range of
averages, in other cases, t&ich are marked accordingly, only mean values could
be derived fran tba study.

One lowest and highest values reported in each study are presented hare as tha
Halts of the range of reported concentrations. In some cases, due to the form
of data presentation, the values presented in tids table represent a range of
average valiias fran.multiple locations. • "

Values in this colunn represent an estimated average of tits analytical
eensltivlties reported for each neasureaient in the study.

highest BBSS ntration in this range Is reported for a
largely of anfhibole. The highest.mass ocnoentxatlon reported for a chrysotilo

in this 'data sat is 24 —'t-3

e. These values represent total structures longer than 5 urn rather than KM
equivalent structures. .

f. These values are derived from a single

g. ibis value Is the mean of three measurements. '

h. ihesa values are tha mean of a range of concentrations rather than the nedian.

i. This is a range of aeons of tain-tpi» K̂ piô  fjgji several locations.
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appear Co be in general agreement with this ratigo, as opposed to the range of
medians reported for samples prepared by an indirect: technique: 4 Co 25 s/L.
The range of background concentrations in urban environments appear higher
Chan exhibited at rural locations. Aa indicated by the data presented in
Table 3.5, the lower range of concentration* reported in .the vicinity of
asbestos sources appears similar to the range reported in Table 3.4. for
background. : • .

-Deriving a range of background concentrations for PCM equivalent
structures is more problematic. For. directly prepared samples fron urban
settings, the reported medians range between O.T, and leas than 2 s/L.
Hovever, for rural locations, PCM equivalent structures were largely
undetected on directly prepared samples. Interestingly, median concentrations
for PCM equivalent structures reported for indirectly prepared samples appear
to span a lower range than for directly prepared samples: 0.05 to less than
4 s/L; Thus, Che true range of background concentrations for PCM equivalent
structures may not have been identified in this dataset.

Rounded to the nearest' half order of magnitude, a reasonable range for
background asbestos concentrations appears to span 0.5 to 5 s/L for total
asbestos structures« The 'lower end of the range appears to be closer to the
median background for rural locations. Although a representative range for
background concentrations of PCM equivalent structures (or long structures) is
difficult to estimate from the available literature, such values nay be
estimated from the range reported for total structures given the data
presented in Section 3.4: Conservatively, long structures (those longer than •
5 tat) represent approximately 4% of total structures .in most chrysotile size
distributions encountered. Thus an estimate of the range of background
concentrations for long structures spans 0.02 to 0.2 s/L, Presumably, PCM
equivalent structures would be some major fraction of these concentrations.•

3.0. KEFRESKNTATIVE TOTAL DUST COKCBNTKATIOHS

As addressed in Section 6.2.1. the concentration of total particular^ in
a dust affects the ability to characterize the asbestos fraction.
Concentrations of total suspended particulate (TSP) vary ovor several orders
of,magnitude depending on location, tine of day, and weather. Urban and

. agricultural sites tend to exhibit: significantly higher concentrations of TSP
than rural locations. In addition to variation In-overall concentration, the
composition of TSP also varies significantly.'a* a function of location. At
Urban sites and specific rural locations, the TSP tends to be conposed
principally of organic matter that can be ashed or inorganic substances that
are soluble In acidified media, , Agricultural locations and other rural
locations frequently exhibit higher concentrations, of • refractory silicate
particles. Due to the wide spatial and tenporal..variation in TSP
concentrations, a general rule for estimating levels at a site can not be
provided without data from a comprehensive survey.
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3.7. ANALYTICAL TECHKIQUES USED TO MONITOR, ASBESTOS

Analytical methods traditionally used to monitor asbestos include midget
impinger (MI) , phase contrast microscopy (PCM) , scanning, electron microscopy
(SEM) . and transnisalon electron aioroscopy (XEM) . Each method differs in it*
ability to detect the various size fractions typical of asbestos dusts
including chose most likely to relate to biological activity.

In Che occupational studies used Co develop, dose/response relationships
(addressed in section 3.2), asbestos dusts were analyzed by counting
structures on a slide or filter using optical microscopes. Until the 'early
1970's the procedure involved collecting workplace dust with « midget inpinger
using a light microscope at a magnification of 100 to count the number of
particles collected.

The taidget impinger is a device in which a stream of contaminated air is
forced through a restricted opening into a liquid (alcohol) whera it eaerges
as a jet of bubbles that disperse the asbestos. The particles suspended in
the liquid are than transferred to a 1 mm deep well and counted using a light
microscope.

Because the counting rules employed during the examination of midget
irapinger samples require that all observed particles be counted, the resulting
concentration* represent coarse total dust counts and have little direct
relationship Co the quantity of fibrous structures present. In Figure 3.1,
the lack of significant overlap between the midget impinger circle and-the
circle representing fibrous particlos illustrates the limited relationship
between analytical results from this method and potentially important asbestos
fibers. Thus, midget impingers provide only an indirect Index of asbestos
exposure.

tn the 1970's. the midget inrptngftr was replaced by the membrane filter
method, which has become the standard technique for monitoring asbestos in
industry. This latter method involves collecting a sample o£ airborne dust on
a membrane filter, rendering the filter transparent with an appropriate
solvent, and counting fibers using a phase contrast microscope (PCM) at
magnifications between 400 and 900. - . •

Because of the increased magnification and because phase-contrast
lighting increases tha sensitivity to narrow objects in the field of view, it
is possible to d»lineafce the general morphology of the particles being counted
so that measurements can be restricted Co fibrous structures (defined as-those
longer than 5 pa. exhibiting aspect ratios greater than 3:1, and having
largely parallel sides}. However, the limitations lopofiod are somewhat
arbitrary and not based on health effects (Chatfleld, 1979). In addition, PCM
techniques ware standardized only recently so that counting procedures and
attendant results changed over the period spanned by existing epidemiology
studies (Chatfield, 1983d).



Dua to the United resolution of PCB, the internal components of complex
structures (bundles,.clusters, or matrices) are not generally distinguishable
so that all such structures appear as single, solid particles. Consequently,
all structures visible by PCM that satisfied the appropriate dimensional
criteria wore counted-as individual structures {fibers). The term "structure*
is used hero for consistency, because frequently a specific "fiber" viewed by
PCM is observed to be a complex structure when, viewed with the Increased
resolution afforded by transmission electron.microscopy. The purpose is to
preserve the terminology used to describe a specific particle that may be
viewed using any of several microscopic techniques.

Due to a combination of resolution and contrast, the minimum width of
structures visible' tn tha phase contrast microscope reportedly ranges between
0.2 and 0.4 pm, depending on the configuration and condition of the
instrument.. 7h« most frequently quoted average limit to visibility is
0.25 JIB. Partially by convention and partially due to the practical
limitations associated with classifying structures with aspect ratios loss
than 10:1, structure counts wore further limited to .those longer than 5 fan
(See for example: Chatfield. 1983d).

As indicated in Figure 3.1, structures visible by phase contrast
microscopy correspond to a range that encompasses a significant portion of the
structures believed to be biologically active. However, structures believed
to be the most biologically active (the longest, thinnest structures) are not
counted by this technique. Additionally, because the method is incapable of
distinguishing asbestos from non-asbestos minerals, non-asbestos structures
(to the extent that they are present in en exposure sotting under study) are •
included in PCX counts. Although it is assumed that the vast majority of
fibrous structures encountered in an occupational setting are asbestos, this
is-not the case for environmental samples. Consequently, these two stated
limitations of PCM render it unsuitable for monitoring environmental asbestos.

More recently, techniques based on the electron microscope have been
introduced. The scanning electron microscope (SEN) and the transmission
electron microscope (TEH) count, respectively, asbestos structures on membrane
filters or structures transforrod from the filters to electron microscope
grids. . . . . • •

Magnifications typically achieved with SEM range between 2,000 and ,
10,000,-while TEH magnifications can easily reach 100,000. Thus, TEH is
capable of resolving oven the'finest fibrous strueturn. Although the
signification implies that the resolution of SEM should be significantly
better than PCM, in practice, the visibility of structures in the SEM is
limited by a combination of contrast and electronic., noise (Small et al 1983). .
Consequently, the minimum structure width visible in the SEM is only slightly
better than PGM. Under optimum conditions,' the minimum width of structures
visible in the SEM is perhaps a factor of 5 better then PCM (Walton 1982),
Given the increased expense and other instrumental constraints, however, there
appears to be little advantage to SES over PCM except for the ability to•
distinguish asbestos from non-asbestos structures. At the same tine, SEM does
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not appear to retain a significant: cost advantage over TEM 'for the analysis of
environmental samples. Therefore, SEM is not likely a useful technology for
environmental analysis of asbestos.

Host electron microscopes <both TEMs a SEHs) are equipped to allow
aineralogical and elemental analysis tp -confirm the composition of the
structures countad. Thus, TEH li,' clearly '.capable of Identifying populations
currently baliaved to', roprosont the most biologically active fraction of
asbestos, the shaded area of Figure 3.1 '(see Sections 3.1,J3,2,. and 3.3). In.
fact, TEH is theoretically capable of distinguishing whatever appropriate size
or minaralogical fraction that 1* likely to be linked to asbestos biological
activity in tho futura.

3.8. EXISTING TEH ANALYTICAL METHODS ;

Several researchers have published analytical methods based on TEH for
the analysis of asbestos samples collected on membrane filters, the principal
feature* of the Yamate method (1584), NIOSH 7A02;(HIOSH 19S6), Hayward's
method (Hayward, no date). and the sethod in the AHERA regulations (USEPA*
1987), ar« summarized In Table 3.6. A PCM analysis method, NIOSU 7400 (NtOSH
1985} is also included in Table 3.6 Cor comparison. It should be emphasized,
however, that procedures employed for PCM analysis havo changed over time.
Therefore, the NIOSH method for PCM presented in the table, vhlch is a
relatively recent: method, differs in detail from the various procedures WJcely
employed to collect tha data used in published epidemiology studies, ;
Nonetheless, It is included to allow comparison between TEM oe tho da., end the
general features of a PCM method. ,• ; .

! ''\ ; '5-
A» indicated in Tafalo 3.6 the methods incorporate procedures for ''.

preparation, counting rules, and rules for identifying and characterising,
asbestos aineralogy. Generally, the methods also define a fixed area of the
specimen grid to be counted. By comparing the requirements of a .method
suitable to support risk aasessoent to tho features of the methods presented
in Table 3.6, It Is possible to determine which of the methods may be .,•
applicable to Superfund field investigations.

Except for differences .in procedural details, the TEH aethod* presented
in Table 3.$ share many co'ooon features. 'All rely on direct preparation,'
although the Yamate method contains a protocol for. an optional indirect '
preparation should filters provo too loaded to analyze the filters when
prepared by a direct technique. All of the TEH methods incorporate structure
characterization at a magnification of 20,000. The principle differences
between the methods involve counting rules and the inclusion in the Hayvard •
aethod of a low magnification scan designad to provide a statistically .
balanced count of large asbestos structures (longer than 5 jun). ,Become long
structures appear to play a major role in determining the biological activity
of asbestos dusts (see Sections 3.1 and 3.2), the use of a low magnification
scan to count long structures in a statistically balanced manner,is
incorporated tn the method presented in-Part 1 of this report.
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Changes in counting rules as the methods evolved (each one building on
Its predecessors) wars designed to minimize subjective decisions by the
analyst using the, method, this serves to minimize observer-dependent
variation, one of tho aajor sources of variation associated with TEM analysis.
Of the published methods, the counting rules presented in AHBKA provide the
best defined counting procedures for minimizing observer-dependent variation.
However, the recording of structure dimensions la not requires under AHERA,
which potentially limits the ability to use such results In a risk assessment.
A method designed to support a risk assessment wist count structures i*i a
warmer that is consistent with the characteristics that relate to biological
activity, which depend on structure size. Therefor*, the counting rules
defined In AHERA wer« modified for this method to bettor detect, and record the
range of characteristics that potentially relate to.biological activity (see
Sections 3.1 and 3.2),

Ona of the limitations coisnon to most of the TEM method's presented in
Table 3,6 Is that the sensitivity of the analytical method cannot be defined.
This Is a consequence of defining a fixed area of the specimen to scan without
simultaneously defining a fixed volume of air to be collected during sampling.
Otis of the critical elements of this method Is that the target sensitivity is
defined and the combined effect of sample loading and the area to be scanned
during analysis are addressed (sec Section 6.2).

Another critical modification incorporated Into this method that is only
partially addressed by the im methods presented in Table 3.6, is a recording
procedure that preserves sufficient information to allow extensive and
flexible interpretation of tha results without the necessity to re-analyze the
speciatm.



4. RISK ASSESSMENT 08JE<n?CTgS AMP HHtHOD REQUIREMENTS

To support a risk assessment, a method must address three objectives:

(a) Co provide measurements that relate to the biological activity of
asbestos; . . .

(b) to provide sufficient sensitivity to measure asbestos at the low
concentrations typically found in the environment near potential
sources;

(c) to provide sufficient precision to elucidate spatial and temporal
trends In asbestos concentrations,

An additional consideration to be addressed Is the need to control sampling
and analysis costs. Each' of these objectives imposes a set of technical,
constraints on a method for asbestos sampling and analysis. Such constraints
served as a basis for defining performance criteria for this method.

4.1. COaSIDEEATIOH OF BIOLOGICAL ACTIVITY

Although published risk factors axe expressed in terms of PCM
measurements, other studies indicate that the biological activity of asbestos
la a function of &• broader range of the distribution of asbestos structure
types «nd sizes, which PCM is not capable of distinguishing (see Sections 3,1,
3.2, and 3.7). Therefore, to properly address current concepts concerning the
biological activity of asbestos, this method Is designed to:

(a) track asbestos structures of all lengths (defined as all entitles
with components-exhibiting an aspect ratio exceeding 5:1 that are
•Longer than 0,5 ftm);

(b) separately track asbestos structures longer than 5 ion;

"(c) track such entities at sufficient magnification to,resolve th« .
thinnest asbestos: structures (approximately 0.02 pm In diameter):

(d) distinguish among-asbestos fibers, bundles, clusters, and matrices
and independently track their concentrations;

(e) characterize "the mineralogy of each structure counted;

(f) record the lengths and widths of each structure counted -to allow
for later selection and tracking of size ftactions with particular
emphasis on long structures (longer'than 5 fan");

49



(g) provide a system, for recording analytical results that preserves
sufficient: information concerning the mlneralogical determination
and njorphological characteristics of each structure to allow for
later re-interpretation without the need to re-evaluato the
original specimen.

Regarding aggregates (bundles, clusters, and matrices), it is also important
to estimate, and record, if possible, the number of asbestos components present
within each aggregate.

NOTE

Although it appears that the size fraction represented by "b" above can
be derived fron the count of total structures by selecting those .
exhibiting tha appropriate longth and width criteria, it is listed
separately to emphasize the need to count long structures separately for
statistical validity.

Recording the length And width of each structure preserves the ability
to select size fractions out of the total structure count that may be of
specie! interest. Examples of size fractions likely to be of special
interest include the PCME fraction (defined as structures longer than
5 pii| and thicker than 0.25 pn) or "Stanton" fibers (defined as
structures longer than 8 pm and thinner than 0.25 fia) .

4.2. PRECISION REQUIREMENTS

To support a risk assessment, the precision of this method should be
sufficient to delineate spatial and temporal trends in the field data .
collected at a Superfund site. Primarily, <•>>•»« moans distinguishing among
environmental concentrations of asbestos attributable to local sources at a
site from concentrations associated with general background. In the absence
of site-specific information, it is assumed desirable to distinguish with high
confidence a factor of five difference (half.an order of magnitude) between
concentrations. The. purpose of this assumption is simply to define a target
performance requirement from which the method could be developed. However,
numerous sources of variation associated with asbestos mea&ureffietkt potentially
contribute to the uncertainty of an analytical result so that a specific,
desired level of precision may be difficult to achieve.

In practice, the precision of a method for the determination of asbestos
is liaited by several factors including, the distribution of asbestos on sample
filters, the characteristics of sampling and analysis tools, and the
subjectivity of the analyst. In the absence of a database sufficient to
establish levels of uncertainty (and, hence, the ability to quantify
precision), a lover Unit to the number of structures that oust be counted in
a ueaeureiMnt to achieve a desired level of precision may be estimated from
consideration of the distribution of asbestos on an analytical filter,
ignoring variation Introduced by other factors. The variation potentially
introduced by these other factors would tend to increase the minimum number of
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structures that must be counted Co achieve a desired level of precision. A
more detailed discussion of the factors affecting precision can bo found in
the literature (see,-for example, ISO 1981). . . ,• • :

Assuming, as suggested above, that it may be important to distinguish
concentrations that: differ by a factor of five, the minimum number of
structures that must be counted Co achieve the defined level of precision can
be estimated as follows. If it is assumed that structures .deposited on a
filter exhibit a Poleson distribution and that analytical contamination is •
rero so that observed asbestos represents sampled'asbestos, the test statistic
for evaluating whether two means ("a" and "n") can be distinguished is:

t - (n - n)/(m + n)1".

The object is to find the lowest value of the two parameters (m and n) such
that a — 5n and the difference between a and n is significant based on the
standard normal distribution to the Polsson (Miller and Freund 1965). For n -
1 and n — 5, t - 1.6 which is not quite.significant at the 5% level (vhere the
cutoff is 1.63). For n - 2 and t* - 10, 't - 2.3, vhich is significant: at the
5* level. Thus, sices the variability in structure counts is probably larger
than that predicted by the Poisson distribution due to contributions: from
other factors, it ia reasonable Co assume that a minimum of 10 structures need
to be counted at the concentration of interest to distinguish concentrations
that differ by a factor of fivo. • '

Determinations based on multiple 'samples can be based on -fewer counts
per sample as long as the precision of the aggregate array of samples la
oonparablo to tho precision indicated above for single sample determinations.
This requirement applies both to the1 count of asbeatoe structures of all ' • ••
lengths and to the count: of asbestos structures longer than 5 jaa. However,
these two size fractions muse be counted separately to provide a statistically
balanced representation (Sebastian ot al. 1982).

N07K

Although tho foundation for the above assumptions may be a subject of
• some debate, the practical impact of the application of these
assumptions to Che development of the method were minimal (see Section.
4.3).

As Indicated above, method precision is also limited by instrument
characteristics and analyst subjectivity, among othor factors. To
Minimize tho extent of variation contributed by these two factors,
instrument settings and characteristics oust: be specified-in the method-
and counting rules must be specified sufficiently to minimize the

. opportunity for subjective decisions by the analyst.
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A.3. SENSITIVITY REQUIREMENTS :

Analytical sensitivity is defined as the estimated airborne
concentration corresponding to tha observation of one asbestos structure. The
required analytical sensitivity for this method .may be defined by considering
the range of concentrations over which measurement is likely to be required.

Based on a qualitative evaluation of the data presented in Section 3.5.
estimates of median background concentrations range between 0.5 and 3 s/L for
total asbestos structures and 0.02 to 0,2 s/L for asbestos structures longer
than 3 ion. Such median concentrations are reasonable targets for analysis
because they likely represent the concentrations above which contributions
from local sources may b« distinguished.

To achieve the desired precision, as Indicated in section 4.2. the
assumed requirement for this method Is the detection of 10 structures at the
target concentrations specified. However, this requirement must bo tempered
against tha probability that a particular'asbestos concentration measured in
tha environment includes contributions frow anthropogenic contamination over
local background. At the low end of the range of median concentrations
reported for background, It is highly unlikely that: such a concentration may
be attributed to anthropogenic contamination. At the high end of the range of
background concentrations, however, the probability that the measurement of
such a concentration represents contamination from anthropogenic sources is
high. At the high and of the range for background, therefore, it may be
important to distinguish among snail changes In measured concentrations such
as might occur between upwind and downvind samples in the vicinity of A
potential source.

Setting tha analytical sensitivity for this method at 0.5 s/L for total
structures and 0.02 s/L for structures longer than S fin. achieves the duel
purposes of providing sufficient sensitivity to oeosure concentrations down to
levels at which anthropogenic contamination is unlikely while providing that
at least 10 structures will be counted when measured concentrations fall into
a range where it is important to distinguish among small differences in
concentrations. However, it is also important to consider analytical
background.

Should Asbestos be observed during analysis, it is generally important
to distinguish whether such .asbestos originated in the sampled medium or if it
was introduced as contamination during analysis. Asbestos that can be
attributed to the sampled medium is generally considered to have been .
"detected". Thus, a detection Unit is defined as the smallest measurement
that is unlikely (probability less than a specified value) to be due entirely
to contamination from sources other than the air being sampled. Detection
limits are generally quantified by considering the magnitude and frequency of
occurrence of the analytical background associated with a particular ocethod.
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However, unless the distribution of analytical background la known, decoction
limits are difficult Co quantify. Consequently, an alternate method to
account for analytical background is incorporated into this method: a
statistical test to.distinguish blank measurements from sample measurements.'
Factors affecting analytical background are addressed in Section 6,3. ••

As addressed in-Section 4.2, it-should be emphasized that Che desired
analytical sensitivity defined above does not have to be achieved for
individual samples if such samples are part of a set of oultiple samples that
ware collected so that they are representative of the same sampling
environment.. Under such conditions, it is sufficient that the desirod
analytical sensitivity be achieved by Che aggregate of the set of samples as a
vhole. For example, assuming that 10 samples wore collected in a manner
assuring that they represent the same sampling environment, analyzing each
individual sample so that the analytical sensitivity of the measurement is
5 s/L, yields an analytical sensitivity for the arithmetic mean of cha 10
samples of 0.5 s/L.

4.4. REPORTING REQUIREMENTS

It is necessary to understand the potential sources of variation in a
measurcaent before the results of an analysis can be properly interpreted.
Sources of'variation that potentially contribute to the result of an asbestos
measurement include particularly the location of the subsection selected Cor
analysis on the TEH specimen, the characteristics of the Instrument used in
th« analysis, and the subjectivity of the analyst. Variation introduced by
each of these factors means that there is a probability chat the results of
two or more consecutive nteasureoents obtained from the some sample may differ
within a finite range. The degree of variation introduced by such factors to
the results of a measurement obtained* using a specific method is usually
represented by specifying a set of confidence limits In association with each
reported measurement result. Consequently, rules for constructing'appropriate
confidence limits are Incorporated as part of this method (see Appendix E of
The Method, Part 1 of this report).

In addition to factors that potentially contribute to variation in the
result o£ the measurement o£ a specific specimen, asbestos observed during the
analysis may have originated elthor In the air sampled or nay have been
introduced from contamination during any of several phases of sample handling,
preparation, and analysis (see Section 4.3). Therefore, It Is important to
distinguish contributions to a measurement that may be attributed to sampled
•asbestos from contributions that may be attributed to analytical background.
Consequently, rules for conducting a statistical test to distinguish campled
asbestos frota analytical background are incorporated as part of this method
(see Appendix E of The Method, Part 1 of this report).
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4.5. METHOD-SPECIFICATIONS

7h« method presented in Fare 1 of this report is a method where samples
are collected on membrane filters and analyzed by TEM. Nona of the published
TEM methods satisfy All of the above requirements; accordingly, several
alternatives had to be evaluated co develop a procedure chat Is capable of
satisfying the euciro set of method requirements defined above. The following
procedures for sample collection, preparation, Handling, and analysis were
combined.



5 . OVERVIEW O F MKTHOp , . . .

In Cho method, presented ID Part 1 of Chis report;, samples are collected
and prepared for TEH examination by either one of two techniques. The
majority of air samples (denoted Phase 1 samples) will bo Analysed using an'
indirect procedure for preparation of TEH specimens, optimized CD provide the
required analytical sensitivity and precision. A staa.ll number of samples
(denoted Phase 2 samples) will be collected in such a way that they can be
analyzed using both indirect and direct: procedures for preparation of .TEM
specimens, to allow comparisons to be made between the results from Che two
specimen preparation procedures. TEH examination procedures used for the two
sets of samples also differ.

3.1. SAMPLE COLLECTION

A sample of airborne particle is collected by drawing a measured volume
of air through a .25 mm diameter. 0.45 pm pore-size MCE membrane filter by
means of a pump. Air volumes collected on Phase 1 samples will be maximized.
Air volumes collected on Phase 2 samples vill.be limited Co provide, optimum
loadings for fllfcoro to be prepared by a direct'transfer procedure.

5.Z, SAMPLE PREPARATION . . .

TEM grids will be prepared according to either 3.2.1 or 5.2.2 below.

3.2.1. Indirect: TEM Specimen Preparation

This preparation will be applied'Co all Phase 1 and Phase 2 samples.
Half of the filter la ashed in a low-temperature plasma asher. The residual
ash is ultrasonically dispersed in freshly-distilled water. The suspension Is
acidified using hydrochloric acid, and immediately filtered.through a 25 mm
diameter,'0.1 pm pore size MCE filter. The filter is dried and the filter
structure is collapsed using a mixture of dimethyl fornaalde, acetic acid and
water. A thin film of carbon is evaporated onto the collapsed filter surface
and small areas are cut from the filter. These areas of flltor ace supported
OH TEH specimen grids and the filter medium is dissolved away by a solvent
extraction procedure.~

ROTE

An alternate procedure for indirect preparation, which incorporates
washing the deposit off of MCE filters and ashing .of cht> wash-suspended
deposit, may bo substituted into this method subject to the results of a
pilot study.

5.2.2. Direct TEN Specimen Preparation

One quarter of th« remaining filter sections from all Phase 2 sauplos
will be prepared by this procedure. The quarter- filter is collapsed using a
mixture of dimethyl foraamlde, acetic acid and water. The collapsed filter is
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otchad for a Short eimft in a low temperature plasma asher to remove tho
surface layer of filter polytpor which stay have encapsulated asbestos
structures during the collapsing procedure. A thin film of carbon is
evaporated onto the collapsed filter surface and email areas are cut from tho
filter. These areas of filter are supported on TEH specimen grids and the
filter medium is dissolved avay by A solvent extraction procedure.

5.3. ANALYSIS

The TEN specimen grids are examined at both lov and high magnifications
to check that they arc suitable for analysis before carrying out a quantita-
tive examination on randomly-selected grid openings. In addition to Isolated
fibers, asbient air samples often contain Bore complex aggregates of fibers,
with or without: equanC particles. Some particles are composites of asbestos
fibers with other materials. Individual fibers and more' complex structures
are collectively referred to as 'asbestos structures". A coding system is
used to record the typa of fibrous structure, and to provide the optinum
description of each of these complex structures.

The method requires that separate examinations be made for asbestos
structures of all sizes (incorporating asbestos fibers with lengths greater
Chan 0.5 pm) and for asbestos structures longer than 5 jim. In both cases,
asbestos structures are defined »s structures containing components -exhibiting
mean aspect ratios equal to or greater than 5:1. This TEH examination
procedure allows for specification of a lower analytical sensitivity for the
toaasureaent of the concentration of asbestos structures longer than S pia.

In the IBM analysis, electron diffraction (ED) Is used to examine the
crystal structure of a fiber, or fibrous, components of complex structures, and
the elemental composition is determined by energy dispersive X-ray analysis
(EDXA). For a. number of reasons, it is not possible to identify (confirm tho
mineralogy of) each structure unequivocally and structures are classified
according to the techniques thac have been used to identify them. A simple
coda is ue*d to record the Banner in which each structure is classified. .

Tho classification procedure is based on successive inspection of the
morphology, the electron diffraction pattern, and the energy dispersive X-ray
spectrum. Confirmation of the identification of chrysotile is only by
quantitative ED, and confirmation of amphibole la by a combination o£
quantitative EDXA and quantitative zone-axis ED.

Several levels of analysis are specified, the higher levels providing a
more rigorous approach to the identification of fibers. The procedure permits
a minimum required asbestos identification procedure to be defined on the
basis of previous knowledge, or lack of it, about che particular sample.
Attempts are then made to achieve this defined minimi* procedure for each
asbestos structure, and the degree of success is recorded for. each. The tvo
codes remove from the cnicroscopisc the requirement to interpret observations
made during the TEH examination, and allov this evaluation to be made later
vithout tho requirement for re-examination of the TEH spetiitaens.
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The lengths and widths of all classified asbestos structures are
recorded. The number of asbestos structures found on a known area of the TEM
specimen grids", together with -the equivalent volurtis of air filtered through
this area, are used to calculate the airborne concentration In asbestos
structures/liter of air.

This method specifies ainimum analytical sonfiitlvities of 0.3 s/L and
0.02 s/L for the measurements of asbestos structures of all sizes
(incorporating structures longer than 0.5 im) and asbestos structures longer
than 5 /in. respectively. In both eases, asbestos structures are defined as
structures containing components exhibiting moan aspect ratios equal to or

than 5:1. -

It will not alvays be possible to achieve the defined analytical
sensitivities, because the volune of air that can be saapled is dictated by
the nature and concentration of the suspended particulars in the atmosphere
being sampled. To some degree, this limitation can be overcome by selective
concentration of asbestos structures during the specimen preparation
procedures and by examination of a larger area of the TEM specimens. However,
the OASB and cost of achieving a specific Value for the analytical sensitivity

vary from sample to sample.
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6. HETHOP COMPONENTS

The detailed protocols incorporated in this method were selected based
on the state of knowledge of their presumed capabilities and limitations. In
some cases, data are lacking so that' additional laboratory work is needed to
properly evaluate the efficacy o£ the proposed procedures.

6,1. FACTORS AFPECTHHJ CHARACTERIZATION OF ASBESTOS STRUCTURES

The proper characterization of asbestos structures requires use of an
analytical technique capable of resolving the thinnest asbestos structure and'
capable of distinguishing asbestos from non-asbestos minerals. Counting rules
muse be designed to facilitate distinguishing fibers, bundles, clusters, and
matrices. Various fractions of potential interest must be easily extracted
from analysis results and counts ntuat be recorded in sufficient detail to
allow later reinterpretation. . '

6:1.1. Analytical Technique

Because one of the goals of environmental sampling, and analysis for the
determination of asbestos IB to provide a measurement .that is comparable with
published risk factors, uhtch .are expressed in teens of PCM counts •, an. obvious
question that arises is whether to simply use PCM as the analytical technique
for tha analysis of environmental samples. However, environmental samples can
not be properly characterized'its ing PCM due to a combination of the
limitations of PCM and the characteristics of environmental dusts. It is
unfortunate Chat PCM can not.be used to evaluate environmental samples because
PCM is significantly less expensive than TEH.

PCM ID inherently leas sensitive than TEH at detecting asbestos
structures. The sensitivity of PCM is limited both by increasing obscuration
as filters become taore loaded and by increasing observer-dependent variation.
as fibrous structures become less concentrated on the filter (Chat-field,
1985a). In one round-robin study of PCM laboratories (Crawford, 1985),
observer-dependent variation approached a factor of 300,

Observer-dependant variation may be due to a combination of instrument
limitations, differences in preparation techniques, and the subjective
judgments of the analyst, tn corawon with any technique in which measurements
are t»ade close to the lower limits of sensitivity, PCM results vary as a
function of tha condition of the instrument. Differences may be due to such
factors as misalignment of the phase ring, failure to scan the full depth of
focus, and differences in the interpretation of irregular fibers. . Evidence
for ouch variation Is provided in several studies including the following:

(a) fiber counts made on identical samples were shown to increase by a
factor of two if the count was made at twice the magnification
(Lynch et al 1970);



(b) counting with a graticule verses full field counting increases
counts by a factor of three (Beckett et al, 1976);

(c) for chrysotlle, novice counters fre<juently count only 2S» of the
. fibers observed by experienced counters (Beckett and Attfield
1974);

(d) there are large inter-laboratory differences in counts of the same
sample (Beckett and Attfield 1974).

In contrast to the last observation, inter-laboratory agreenent among TEM
results has been achieved vithoufthe extensive inter-laboratory discussions
that have been required to normalize the optical work.

The practical limit of sensitivity for PCM is approximately 10 s/L at
the 'maximum total dust .loading that can be tolerated in occupational samples
(Chatfield, 1985d). PCM can be applied in occupational settings because
contaminated work sites tend to exhibit elevated asbestos concentrations in
relationship to.total dust concentrations. This allows asbestos to be
deposited OR th« filter at concentrations vithln the range of the sensitivity
litaits of PCM At the same time that- dust deposited on the filter remains below
the level at which obscuration precludes a proper PCM count.

In contrast, the ratio of asbestos structures to total dust particles is
generally lower in environmental saraplea than in occupational samples. The
absolute concentration of asbestos also tends to be lover in environmental
samples. Th* lower ratio of asbestos to dust limits PCM sensitivity so that
the typical asbestos concentrations found in environmental samples (ranging
between 0.01 and 0.. 1 PCMB a/L) can not be detected. The net result, in the
absence of other factors, is the creation of large numbers of false negative
analyses -when PCX is used to analyze environmental samples.

PQt analysis of environmental samples can create false positive results
due to the inability of PCM to distinguish asbestos structures from non-
asbeacos structures. Son-asbestos fibers (such as cellulose and gypsum) are
ubiquitous in many environmental settings. In fact, asbestos generally
constitutes a olnority of the total fibrous structures typically present in
environmental samples (Cbatfiold, 1985d). Because they can not be
distinguished from asbestos, non-asbestos fibers that exhibit the appropriate
dimensional criteria will be included as asbestos in a PCM count; creating
falsely inflated asbestos counts.

The inability of PCM to track asbestos concentrations in environmental
samples has bean documented in numerous studies. In a comparison of four
stapling and analysis methods (Gipbs et al, 1980), three EM Methods generated
data that .shoved trends in asbestos concentrations, which decreased with
distance fron .known sources. The one PCM method included in the study was not
capable of distinguishing between high environmental asbestos concentrations
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near sources and low concentrations at background locations. This is
presumably because the majority of structures observed by PCM were not
asbostos.

Asbestos measurements by TEM, and PCH were also compared in a series of
studies of asbestos abatement projects (Tuckfield at al, 1983; Cheason ac al,
1985; and Karaffa et al, 1986). Both indoor air and outdoor (ambient air)
wars nonltored in these studies. In none of these studies vaa PCH capable of
reliably determining indoor or ambient concentrations. In fact, it was
reported in one study (Chasson et al, 1985) that PCH counts appeared to relate
to human activity rather than total asbestos (as measured by TEH), suggesting
chat non-asbestos fibers were interfering with .the analysis.

Perhaps the nose important limitation associated with PCM is the
inability to detect asbestos characteristics that best relate to biological
activity and, therefore, determine risk (see Sections 3.1 and 3.20 Due to the
United resolution of PCH, only structures longer than 5 ;ra with diameters
exceeding 0.2S fan can b» counted. Therefore, the long, thin asbestos
structures {which are believed to constitute the most biologically active
structures) can not: be resolved by PCM. In addition, PCX Is'incapable of
resolving the internal detail of the structures counted so thac it Is
frequently not possible to distinguish aggregates .from slwple fibers. Thus,
PCH is not capable of characterizing many of the aspects of asbestos exposures
generally believed to a££oct biological activity. , ...

Over the range of conditions typical of environaental samples, PCH is
not capable of providing measurements of asbestos in environmental settings .
thac relate meaningfully to risk factors in .occupational settings. PCM can
not be used to properly evaluate environmental samples because:

(a) it is not sufficiently sensitive to detect asbestos at
concentrations typical of environmental samples;

(b) it suffers from observer-dependent variation to- a degree thac is
unacceptable for the leva! of precision required for environmental
samples; - '

(c) it Is not capable of distinguishing asbestos from non-asbestos
structures, a requirement that Ic critical to th» proper analysis
of environmental samples; and

(d) it is not capable of distinguishing anong the various types and-
sixes of asbestos structures that impact the biological-activity
of asbestos.

Therefore, TEM is the only analytical, technique capable of characterizing
asbestos exposures In a manner that is consistent with the method requirements
defined in Section 4. TEM is tho analytical technique to be used for the
determination of asbestos in this method. — -
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HOTB . -

SEM was also evaluated and eliminated from consideration for use in this
method (see Section 3.7).

6.1.2. Magnification/Resolution

To properly'characterize* asbestos as dictated by the method requirements
presented In Section 4, It ia necessary to resolve all asbestos structures
present In an airborne dust. The thinnest asboscos fibrils that retain the
recognizable crystalline character of'asbestos (chrysotlle fibrils) generally
range in diameter between 0.02 end 0.04 fin <fiee Section 3.4), Therefore, the
resolution of the method must exceed 0.02 ita in order to detect all of the
asbestos structures on a sample specimen. A magnification of 20,000 is more
than sufficient to resolve asbestos structures over the total 'range of lengths
and diameters common to asbestos, A magnification of 10,000 is Sufficient to
resolve TEH structures longer than 5 fit* over the entire rang* of diameters
common to asbestos. The advantage of conducting the scan for long structures
at the lower magnification Is the decreased time required and the
•corresponding coot savings. Thus, magnifications of 20,000 and 10.000 are
employed in this method to scan for asbestos structures of all lengths and
asbestos structures longer than 5 fun, 'respectively.

Method requirements presented in Section 4 also indicate that the -width
of detected asbestos structures must be properly delineated. At a
magnification of 10,000. structures 0.02 /m in diameter appear as thick as
0.2 mm on the sieving screen of the TEM, which is easily seen, but vhich can
not te easily distinguished from dimensions that vary by factors of less than
2. Thus, although structures of such dimensions may be detected at Che
magnification specified, structure dimensions must be characterized at higher
magnifications to adequately distinguish among diameters. The objective is to
discriminate among diameters that differ by 0.05 ftm. Such precision can be
obtained at magnifications of 20,000 and greater. The primary purpose for the
clear delineation of diameters is to facilitate later classification of
candidate size fractions' of potential interest -for -assessing risks from aaong
the structures recorded.

NOTE

The possibility of employing lower magnification (less than 10,000) to
detect tho long (greater than 5 /im) structure fraction was considered
during method development. Hovever, this tends to increase variation in
'the results due to a combination of instrument Variation and differences
in operator experience.

Asbestos counts derived at lower magnifications (500 - 2000) appear to
vary as a function of magnification and other microscope- character-
istics'. • For example, at magnifications typically employed In a PCH
analysis, small changes that affect the average visibility of asbestos
structures potentially yield large changes in the number of structures
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that can be detected. The visibility of small asbestos structures
varios from instrument Co instrument, and with changes in operating
conditions. For PCM, a Visibility test slide.is available for
standardizing the visibility of. each instrument despite differences in
operating conditions. Use of the slide is specified in the method.
Howavcr, no such test procedure is available for TEM. Consequently, if
the TEM is to be used at these low nagnif ications, there ia no mechanism
for standardizing the visibility of structures to be counted.

Duo to the increased variation in results that generally accompany the
counting of asbestos structures at reduced magnification, such an approach for
determining the longer structure fractions wore not incorporated in this '
method. Rather, longer fractions of asbestos are characterized by counting
structures longer than 5 jna at a magnification of 10,000. characterizing their
diameters at increased magnifications, and distinguishing the various
fractions of Interest in the count by selecting the .structures.listed on the
count sheet that exhibit appropriate lengths and diameters, with .diameters
determined to a precision of +/- 0.05 pw,

6.1.3. Rules for Counting. Characterization, and Recording

Counting, characterisation, and .recording rules for this method are
designed to provido:

(a) a count o£ total asbestos structures (individual entities) whose
distribution is best described by Polsson statistics;

(b) a count of structure cooponents that is not skewed by an arbitrary
cutoff foe the number of Individually recognizable components
present in each structure; and

(c) counts of structures in the range of dimensional fractions that
are believed to best relate to biological activity.

To achieve these objectives, several modifications to published
procedures are Incorporated in this method. First, the criterion for seating
specified counting Limits La defined in terns of asbestos structures of all
lengths, which represents a count of individual asbestos entitles. Structure
components are not counted individually. This is to assure appropriate
statistical validity. Second, when structure components are counted (to
establish on estimate of the total equivalent nxuaber of fibers) the count is
not arbitrarily truncated at S components per structure. Rather, structures
exhibiting more than S individually recognizable components am specially
noted on the count sheet.

6.2. FACTORS AFFECTJHO SENSITIVITY

For TEH analysis, analytical sensitivity (the concentration
corresponding to the' observation of a single asbestos structure) Is limited by
the amount of asbestos that can be deposited on a given area of filter.
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The amount (loading) of asbestos that can be deposited on a filter is limited
by two factors: sampling constraints and the limit at which a filter becomes
too loaded to allow for proper analysis. Although the second of these factors
is generally more restrictive than the first, it is also influenced by the
type of filter preparation employed. This latter limitation is duo,
primarily, to the concentration of total dust deposited on the filter in
coincidence with the asbestos. 'Thus, the volume of air that can be usefully
collected for asbestos analysis is restricted by the concentration, of dust in
the air and the quantity of dust that can be tolerated.on the filter before
analysis Is prevented. This limit is higher for filters prepared by an
indirect technique than for filters prepared by a direct technique.

The analytical sensitivity is a combined function of the volume of air
sampled, the total area of the analytical filter, tho dilution or
concentration factor introduced during specimen preparation, and the area of
the TEH specimen over which asbestos structures are counted. The
interrelationship between each of these latter-factors decerninoa the relative
cost of sampling and analysis.

The.relationship between analytical sensitivity, the volume of air
sampled, the total area of the analytical filter, the dilution or
concentration factor introduced during specimen preparation, and the area of
the TEH specimen over -vhich asbestos structures are counted can be summarized
by the following relationship:

C. - x A, x V x F) (6-1)

where:

Ca - Analytical sensitivity in structures/liter
Af - Total area of the analytical filter In inn*

' - . ' • A, - Ar«a of a TEH specimen grid opening in TOO?
N ' - Number of grid openings examined
V - Volume of air sampled in liters
F - Concentration factor

The concentration factor, P, simply reflects the dilution or
concentration o£ asbestos structures resulting from an Indirect preparation.
During indirect preparation, asbestos structures deposited on the original
simple filter are dispersed in water and redeposited on the analytical filter.
Th* density of structures on the final.filter is a function of th* relative
area of.the two filters and the fraction of the total dispersion that is
refiltered: - . .

F - A. x V£/<At x Vt> (6-2)

where:

A. — Area of filter ochod in mm*
At - Area of analytical filter in nan

2
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Vt - Volume of vater used tx> redlsperse ashed
particles In liters

Vt - Volume of dispersion filtered through analytical
filter In liters

For samples prepared by direct preparation, the concentration factor is always
unity.

Actually, equation 6-1 Is a contraction of & raora general equation
relating the number of structures counted on a filter to the total airborne •
asbestos concentration:

C - Af si S/(N x A, x V.x F)

where:

C - Airborne concentration of asbestos In
structures/liter

5 — Number of structures counted
Aj -Total area of the analytical filter in can2
Ag - Area ofT a TEH specimen grid opening In ma2

S - Nuaber of grid openings examined
V - Volume of air sampled In liters
P - Concentration factor • . .

Tha original equation 6-1 can b« obtained froffl equation 6-3 slsply by setting
the nuabor of structures counted equal to one and substituting the analytical
sensitivity for the airborne concentration of asbestos.

HOTE

The required analytical sensitivities for total asbestos structures and
for structures longer than 5 ̂ o were derived as-indicated In Section 4.3
using equation 6-3 to relate target concentrations to analytical
sensitivity. The range of target concentrations were derived as
indicated in Section 3.5.

(.2.1. Tilter Loading

TEH analysis can proceed as long as the majority of the particles on a
filter are deposited directly on the filter and do not overlap other particles
present. Both asbestos and non-aabastos structures may potentially obscure
observation of other asbestos structures, but at concentrations typical of
environsiental samples, non-asbestos structures (total suspended partlculate)
generally determine the upper limit to filter loading.

Based on experience, analysis of a TEH grid becomes Impossible at a
relative coverage of 25%. Analysis Is difficult vh*n the fraction of the
specimen S^iA covered by particles exceeds 10%. Based on private conversations
with several microacopistc, experience suggests that a loading of 10 vg/cn? on
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A filter will result in 10% of the filter area being covered with particles.
The data of Steen et al (1983) is in general agreement vith this estimate but
indicates a range of potentially appropriate valuss. Steen et al (1983)
report that the maxima tolerated dusts on filters are in the range of
SO jug/as2 for filters prepared .by direct preparation and 250 pg/eil? for.
filters prepared by indirect preparation. Higher loadings can be tolerated by
indirect preparation because nuch of the interfering particle ia removed
during filter preparation.

The reported variation in tolerable loading ia not surprising. The
fraction o£ filter covered per unit weight of deposit varies aa a function of
the overage aî e and density of the particles. For spherical particles, the
fraction of coverage expected as a function of the size of the particles can
be estimated by taking the quotient of the calculated mass of a particle, (th*
produce of voluae and density) and the calculated circumference of the
particle. The majority of the non-asbestos fraction of any dust found in the
environment ia expected to be composed primarily of particles that are
approximately spherical. Based on such calculations, 10% of the filter will
be covered at a loading of 10 pg/cm2 when the average particle diaaeter on the
filter .is greater than approximately 1 /un at an average particle density of
2,3 g/cra' (the .average density of many silicates). However, in different
environments, this value may vary significantly. Generally, the smaller the
particles, the legs tho mass that can be tolerated before the filter'becomes
overloaded. -Much of the variation in loadings reported as tolerable is likely
due to differences in the average size of the particles present in the duac.

6.2.2. Sampled Air Volumes

The volume of air that can be collected during asbestos analysis ia
limited both by the technical constraints of the sampling system and by the
tolerabl* limit of total dust that may be deposited before asbestos analysis
becomes impossible due to overloading (as described in Section 6.2.1). The
volume of air that c*n be collected per unit area of filter is related to the
tolerable loading by the airborne concentration of total suspended particulate
(cee Section 3.6).. However, because of the extent of variation in the
concentration of airborne particulate (T6P), it is difficult to derive usable
general averages suitable for deriving the tolerable upper limit to the volume
of air that can be sampled for an asbestos analysis. At the sane time, aorae,
data are available from limited published studies that provide an Indication
of reasonable upper limits.

(a) In a series of studies of airborne asbestos both in the vicinity
of the Quebec mines and at remote urban and rural locations,
Sebaatien et al (1984 and 1986) report that on the order of 1 m3

. of air aay be collected per co? of filter for filters that are
prepared by a direct technique. The tolerable limit for
indirectly prepared samples is approximately an order of magnitude
higher.
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Cb) In a study of building atmospheres (Chatfield, ad. 1985) an
optimum Loading of 0.3 m' of air per cm2 of filter vas recommended
when filters were to be prepared by a direct technique.

(o) In one of a aeries of abatement studies, Tuckfield «t al (1988)
report that 1 of 24 filters could not be analyzed dud Co
overloading wben 0.6 m3 of air was collected per ca2 of filter and
the filters were prepared by a direct technique.

(d) In ft study of rural, suburban, and urban air, Chatfield (1983b)
reports that filters prepared by direct analysis ware loaded to
1.2 n'/cw*.

(e) At the South Bay Superfund site in California, only A small number
of filters out of a total of mor« than 60 filters could not b«
analyzed due to overloading when 1.1 »3 of air vas collected per
car* of filter and the filters were prepared using a direct
technique (unpublished results).

(f) Burdett (198Sa) reports frotn a study in England that directly
prepared samples of amosite ffnf^ cxroclxlolitd from, abatement sites
could be loaded for analysis to a level of 0.5 »9/cmz.

The above data indicate tbat slightly more than 1 »* of air can be
collected per cma of filt»r before environmental samples become overloaded so
that analysis is prevented for filters prepared by a direct technique. The
corresponding limit for abatement samples appears to be on the order of 0.3 m
per car of filter. Better estimates for optimum loading can be derived froitt
data on local ISP concentrations, vhon such Information is available.

6.2,3. Area to be Scanned for Analysis

Equation 6-1 nay be graphed to depict the cowbination of sampling ,
requirements and analytical requirements necessary to obtain a particular
analytical sensitivity. The two curves presented in Figure 6,1 depict the
relationship batwten tha volume of air to be sampled and the number of grid
openings to be counted to achieve an analytical sensitivity of 0.5 s/L and
0.02 s/L. These, in turn, represent the analytical sensitivities required to
monitor, respectively, total asbestos structures and long asbestos structures
in environmental samples (SOB Section 4.3), To generate the figure, it is
assumed that an average grid opening sire is 0.0081 mm8, th« area of the
analytical filter la 25 mm2, and the concentration factor is unity. The
vertical axis for the curve representing an analytical sensitivity of 0.02 s/L
is presontod on the right vertical axis of the figure while the vertical axis
for tho 0.5 s/L curve i* presented on the left axis.

Based on cost considerations, it is optimal to minimize the number of
grid openings to be counted during analysis. Experience also Indicates that
analysts tire more rapidly when forced to count an excessive number of grid
openings on a single sample, so that precision suffers. It is recommended
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that no more than 20 grid openings be counted at the magnification of 20,000
rocommended for characterizing total asbestos structures. Similarly, 100 grid
openings is a recommended target for the 10,000 magnification employed to
characterize long asbestos structures.

Based on th* Information presented in Figure 6.1, the racomnendod limit
for counting grid openings can be satisfied by collecting a sample volume of .
5,000 liters for characterizing total asbestos structures. For a 25 mm
filter, this corresponds to 1.2 o'/cm1, which In moat cases probably will not
cause excessive overloading of filters prepared by direct analysis. However,
a sample volume of 23,000 liters would be necessary to ronain within the
recommended grid opening count Cor long asbestos structures,'corresponding to .
a loading of 6.3 tr/cnf. This clearly exceeds the recommended maximum
loadings defined above for filters prepared by direct techniques. Therefore,
indirect preparation la recommended to keep the nuaber of grid openings that
must be counted vlthin reason (see Section 6.2.4).

HOTE

Th&se calculations ignore the limitations imposed by filter blank
contamination, which are addressed In Section 6.3.1.

6.2.4. Filter Preparation

To provide the required analytical sensitivity at asbostoa levels
typically found In the environment, It is necessary either to selectively
concentrate asbestos, or to count structures over A much greater area o£ a TEH
specimen grid than has traditionally been required. To the extent that it can
b« employed, selective concentration is the least costly of the alternatives
for Increasing sensitivity. The desired degree of concentration requires
filter loadings in excess of what can generally be analyzed using direct-
trans for methods for TEM specimen preparation. Consequently, an indirect
technique for TEH specimen preparation is employed in this method.

In most ambient environments, a proportion of suspended partlculate is
organic, consisting of soot, spores, pollens and other debris from vegetation.
Organic materials such as these can be removed from the analysis by
low-temperaCure ashing. It ie ilao common Co find substantial numbers of
calcium sulfate fibers (gypsua) In airborne particles collected In buildings
and urban environments, and particularly in samples collected vhere demolition
or construction work is in progress. The fibers are TOadily released vhen
plasters and cerent products are disturbed. Gypsum is also generated on air
filters aa a consequence of the chemical reaction between 'collected calcium
carbonate particles and atmospheric sulfur .dioxide. Gypsura can be removed by -
dissolution in water. Another major component of exterior atmospheres is
limestone, cither as calcito or dolomite. Such carbonate*, along with some
oxide specios, can be removed by extraction with hydrochloric acid.
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FIGURE 6.1: THE RELATIONSHIP BETWEEN ANALYTICAL SENSITIVITY, SAMPLED
AIR VOLUME, AND THE NUMBER OF GRID OPENINGS
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NOTE

Since the mineralogy of airborne dusts is related to local geological
and meteorological conditions, the .ability CO concentrate asbestos from
dusts by removal of soluble and nshablo components varies as a function
of location. ,

Removal of a largo proportion of the suspended particulate by use of
these techniques peraltfi the asbestos present in the sample to be concentrated
on to a smaller area of the TEM -specimen. Consequently, tha area of the TEH
specimen that must be examined to achieve a particular analytical sensitivity
is proportionately reduced. Also, many of the non-asbestos fibrous structure!!
nornally found' in a directly-prepared TEX specimen, each of vhich most be
identified and rejected from the asbestos structure count, do not appear on
the indirectly-prepared TEM specimen.

A selective concentration of the asbestos structures. Incorporating low-
temperature ashing, re-suspension In water, and acidification with HCl is
therefore capable of removing substantial amounts of interfering particle froa
the analysis, and,. for a particular analytical sensitivity, reduces the area
of the TEM specimens that must be examined. If these procedures are carried
out correctly, no chemical or crystallographic degradation of asbestos can be
detected by routine methods of TBt Analysis.

Indirect TEM specimen preparation techniques offer several advantages
over direct preparation:

(a) air samples can be collected without regard to the amount of
deposit on the filter surface. The filter loading can be adjusted
in the laboratory to provide satisfactory TEH specimens;

(b) Interfering particulate material can be completely or partially
removed through A combination of dissolution and oxidation
(ashing);

(c) the uniformity of distribution of asbestos structures on the
filters to be analyzed Is Improved.

Tha middle of the above advantages has been addressed above. The first of the
above advantages la addressed in greater detail in Section 6.2.1. The last of
the advantages listed is addressed in Section 6.4.3.

Despite the advantages, use of indirect preparation techniques must be
considered carefully because they also suffer from the following
disadvantages: , . . . . . -

(a) the size distribution of asbestos structures is modified;

(b) ,there la increased, opportunity for fiber loss or introduction of
extraneous contamination;
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(c) when sample collection filters are ashed, any fiber contamination
In Che filter medium is concentrated.

The second of the above disadvantages can be minimized by maintaining a clean
laboratory and following proper experimental procedures (see Section 6.3),
lh» lose of the above considerations Is addressed In Section 6.3.1. The
oxfcane that structure size distributions are nodified during the Indirect
preparation of a TEH specimen has been addressed in several studies.

(a) In a set of studios. Sebastian et al (1984 and 1986) found that
samples prepared fey an Indirect technique exhibit 20 co SO times
as many short fibers as paired specimens prepared by a direct
technique. Changes in the number of structures longer than 5 /un
vere not significant. It was noted in th* study that,the absolute
concentration of aggregates encountered retrained the seme whether
satkples vere prepared by th* Indirect or the direct technique.
However, the average dimensions of the aggregates.encountered on
the Indirectly prepared specimens appeared to be saaller than
those observed on the directly prepared specimens. -Because of the
increase in the number .of shore structures, the fraction of total
structures represented by long structures decreased. Possible
sources of the Increased number .of short structures presented in
tha paper are losses during analysis of the directly prepared .
specimens due to obscuration, liberation of short structures from
soluble matrices dissolved during Indirect preparation, and
disassociaeioit of short structures loosely bound to the. larger
aggregates,

(b) Chatfleld (1985d) la a comparison of Specimens prepared by the
direct and the Indirect techniques found that structures shorter
than 2.S jim vere 4 to 20 times more plentiful on specimens
prepared by the Indirect technique than on specimens prepared by
the direct technique. The conversion factor for structures longer
than 2.5 /m is less than a factor than 2. Ha also noted agreement
In results between direct preparations of polycarbonate and HCE
filters arid indirect preparations of , polycarbonate and KCE
filters. For the indirect preparations, the deposits on
polycarbonate filters were washed into suspension while deposit-;
on MCE filters were ashed. Data were not reported for the process
of washing KGB filters.

(c) In another study, Chatfleld (1985b) reports that for single fibril
suspensions of chryaotile, there la no difference in results
obtained froa specimens prepared by direct and indirect techniques
either on polycarbonate or HCE filters. For suspensions that
contain aggregates, which are more representative of the types of
samples likely co be encountered in the environment:, PCME counts
were comparable tot direct and indirect preparations on both
polycarbonate and MCB filters but counts of structures shorter
than 2.5 p« increased on indirectly prepared specimens. Chatfleld

70



did not .cotwent on the face of long, thin structures in this
study. It is unknown whether Che source of .the additional short
structures observed following indirect preparation la from
di.83ggregeti.on or disintegration, . . ,

(d) In *.study reported by Cook and Marklund (1980), the ratio of
amphibole asbestos structure counts on paired specimens prepared,
respectively, directly and indirectly varied between 0.3 and 5.1
with a mean of 2. Results from the direct and Indirect
preparations correlated Co 95% significance. Cook and Karklund
also report that results with chrysotile are much «ora
problematic. Chrysotilo samples that contained a high fraction of
aggregates exhibited counts varying by four orders of magnitude
from different laboratories (possibly due. to lack of
standardization). Unfortunately, there Is insufficient
documentation in this paper to determine the exact conditions
under which specimens ware prepared. However, they do report
•significant increases in the total mass of chrysotlle observed on
indirect: preparations subjected to "harsh* preparation conditions.

NOTE . . •

• There may be a range -of problems contributing to the observations
presented in this study. At the Cine the study vaa conducted,
little was. known of the effects of organic materials on aqueous
suspensions of asbestos so that four orders of magnitude variation
could well have resulted from loss of asbestos from suspension
onto container walls, etc.

(e) In a series of studies.oC abatement sites, Tuckfleld at al (1988),
Hatfield ee al (1988), and Chesson at al (1985), directly prepared
specimens consistently generated lower structure.counts than
indirectly prepared samples. Too few structures were counted on
any oC tha preparations to derive size specific information.
However, they did report that counts from paired direct and
Indirect preparations did not correlate.

(f) Chesson e.t al (1989b) performed a. aca.t.iacic.a.1 evaluation of data.
. from £iv«t independent studies where samples prepared,
respectively, by direct-transfer and by- Indirect-transfer
techniques could bo paired for comparison. Results indicate that
samples prepared by an indirect technique uniformly exhibit higher
-total structure counts and higher total fiber counts.
Unfortunately, the data were not sufficient to determine the
effect of Indirect preparation on specific size fractions such as
the long structures.

-The Choseon at al study also indicates that, although counts on .
directly and indirectly prepared specimens are not strictly
proportional across studies, they both track similar trends in
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concentrations so that the choice of preparation method Is
tmllkaly to affect comparison? between sample* from the same
study. A statistically significant relationship was found in'all
five studies between the two sets of specimens (direct and
indirect preparations). Quantitative relationships between
samples prepared by the two techniques are expected to depend both
on the characteristics of the dusts sampled and on the specifics
of the sampling and analysis protocols employed in a particular
study.

(g) In a study of amosito, Burdett (1985b) reported a high.correlation
between samples prepared by a direct technique-and those prepared
by an Indirect technique. The observed ratio of indirect to
direct varied between 1.7 to 1. Tho slight Increase In counts on
the indirectly prepared specimens was attributed to splitting of
aggregates. Correspondingly, the average length and diameter
measured for structures observed on indirect preparations ware
reported to decrease slightly. It la noted chat surfactant was
used during indirect preparation in this study.

Based on these findings, specimens prepared by an Indirect technique are
appropriate for comparing relative asbestos concentrations at a site. In
addition, such specimens aro likely to yield representative counts of long
structures that correspond to counts on samples prepared by direct transfer,
provided that gentle conditions are employed during the preparation. However,
counts of asbestos structures of all sixes <which include short structures) or
counts of individual components within complex asbestos structures of -any size
fraction likely vary when performed on specimens prepared by the indirect
technique compared to specimens prepared by the direct technique. In either
case, quantitative relationships between directly-and indirectly prepared
specimens aro likely to be study specific due to a dependence on the sampling
and analysis protocols euployed.

The magnitude of differences between counts of long, thin structures
(potentially th* most biologically active) -performed on directly prepared and
Indirectly prepared specimens has not been adequately addressed.
Relationships between counts of asbestos structures, other than single, long
fibers, obtained from specimens prepared by a direct technique or an indirect
technique, respectively, appear to depend on the fraction of aggregates
present in the asbestos dust. Therefore, they are likely to be site specific
as wall an study specific.

The question as to whether direct or Indirect specimen preparation
yields the "correct" result (in terns of representing biological activity) is
currently unresolved. It can be argued that the direct methods yield an .
under-estimafca of the asbestos structure concentration because many of the
asbestos fibers present are concealed by other partlculate material.'with which
they are associated. Conversely, the indirect methods can be considered to
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yield an over-estimate-because some types of complex asbestos structures
disintegrate during the preparation, resulting in an increase in the numbers
of structures counted. <

Because of critical limitations imposed by the sensitivity requirements
for sampling environmental asbestos and because there is little reason to
believe that direct preparations track, relative risks better than indirect
preparations, an indirect preparation technique.is incorporated in the method,
presented in Fart 1. However, assessing Absolute risks requires that current
measurements be compared with risk factors derived from historical
measurements (PCM) that correspond to direct preparations. Therefore, the
method also incorporates a procedure for evaluating the relationship between
results from directly-and Indirectly prepared samples for any study employing
this method,,

A small subset of sample filters will be split BO that one half of each
filter nay bo prepared by a direct and one half by an indirect preparation
technique to allow detailed evaluation of the effects of preparation. The
total loading on this subset of filters will be restricted to assure that the
level of dust can be tolerated by analysis of the directly prepared filter
section. Consequently, a larger number of grid openings will be counted on
these samples to achieve desired sensitivity and precision.

NOTB

The -effect of an indirect preparation is heavily dependent on the
• specific procedures employed. A detailed protocol has boon incorporated

into this method,

As indicated by the Burdett study (1985b), variation in fiber counts
between samples prepared by direct techniques versus indirect techniques
appear to occur primarily for. preparations of chrysotile. Preparations
of amphlboles likely are relatively unaffected by th* choice of
preparation technique.

6.2.5. Existing Analytical Methods

-. . Equation 6-3 is graphed in Figure 6.2 to illustrate the relationship
between sampling and analysis constraints and the concentrations of airborne
asbestos. In the log*log plot of Figure 6,2, the vertical axis represents the
volume of air sampled, the horizontal axis represents tho number of grid,
openings counted, and the diagonal lines represent the airborne concentrations
(analytical sensitivities) of asbestos at which at least 1 structure can be,
expected to be encountared,during analysis. Because It is a log-log plot, the
hyperbolic curves depicted in Figure 6.1 are represented by straight lines in
Figure 6.2. The upper curve corresponds to the required analytical.
sensitivity for structures longer chan 3 urn (0.02 s/L) and the lower curve
corresponds to the analytical sensitivity required to characterize asbestos
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structures of all sizes In environmental samples (O.S s/L). As Figure 6.1,
is assumed thac an average grid opening la 0.0081 son*. Chat the analytical
filter is 25 mm*, and the concentration factor la unity.

It

The horizontal line representing 5 m3 haa been emphasized in Figure 6.2
because this volume of air correspond* Co 1.2 n3/cmz on a 25 ma filter, which
is the maximum volume of air that can be tolerated for a direct preparation
(see Section 6.2.1). Published TEH methods discussed in Section 3.8 are
graphed along the 5 m3 lina at points corresponding to the number of grid
openings specified to be counted in each method. Thus, each of these points
represent the effective analytical sensitivities for the methods at the
Maximum reasonable volume of air that can be collected on a 25 am filter. The
Hayvnrd nethod is depleted twice to represent the analytical sensitivities
corresponding, respectively, to the high magnificat ion. scan and tke low
magnification scan defined in this nethod.

As is readily apparent from the figure, only HIOSH 7402 yields
sufficient: sensitivity to detect asbestos structures of all sizos over Che
range of concentrations expected to be found in environmental samples. The
Yaoate method, the netted specified in AUERA, and the high magnification scan
of the Hayvard method would not provide sufficient sensitivity to detect the
entire range of concentrations expected for environmental asbestos. None of
the aethods depicted in Figure 6.2 (including the low magnification scan of
the Keyword method) are sufficiently sensitive to characterize the expected
range of concentrations of long structures (longer than 5 /un) In environmental
samples. In the method presented in Fart 1 of this report, the number of grid
openings to be counted is determined by specifying the analytical sensitivity,
specifying the volume of air to be collected, and calculating the required
nunbor of grid openings to bo counted using equation 6-1.

6.2.6. Analytical Technique

TEH is potentially capable of achieving the level of analytical
sensitivity required for this method.

6.2.7. Magnification/Resolution

As noted in Section 3.4 and 4.2, total asbestos structures and asbestos
structures longer than 5 /un are counted separately in this nethod because of
the disparity in their abundance. Based on the size distributions discussed In
Section 3.4, the probability of encountering an asbestos structure longer than
5 fin in an Asbestos dust is only one tenth to one hundredth as likely as
encountering an asbestos structure of any aize. Givan the disparity, the most
cost-effective manner for analyzing the population of total structures and
long structures representatively is to count them separately. If they were to
be counted together and the limit for total structures was employed as the
defined level of sensitivity, then the chance, of encountering even 1 long '
structure while counting 10 total structures Is very small. On tho other
hand, using the median for long structures as the defined limit of sensitivity
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FIGURE 6.2: THE RELATIVE ANALYTICAL SENSITIVITIES OF PUBLISHED TEM METHODS ,
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that likely 500 total asbestos structures would have to be counted at
the sane time that 10 long structures arc Identified. Characterizing such a
largo number of structures is extremely time consuming and expensive.

6.3. FACTORS AFFECTIKO THE LIMIT-OP DETECTION

The limit of detection is defined us the scaliest measurement that is
unlikely to be due entirely to contamination from sources other than the air
being sampled. More simply, it is the mininun environmental concentration
that can be distinguished (with specified probability) from analytical
background. To this point, the discussion of performance requirements (in
corns of Che analytical sensitivity) havo been developed assuming zero
analytical background. However, several published studies indicate that the
analytical background for this method is potentially a critical factor
affecting method performance.

Analytical background may derive both from filter blank contamination
and from contamination contributed by the method of filter preparation.
During an indirect preparation, for example, background contamination con
arise frora within the asher chamber, the containers in which the filters are
ashed, the distilled water supply used for re-dispersing the «sb, the pipettes
used for transfer of the. dispersion for filtration, and the filtration
funnel1. However, while contamination introduced during filter preparation
can be minimized by adherence to a rigid program of laboratory cleanliness,
filter blank, contamination is simply a function of the quality of commercially
available filters.

6.3.1. Filter Blank Contamination

Asbestos concatenation observed on nenibratie 'filters has varied
historically. The ranges of filter blank contamination also differs for MCE
and polycarbonate filters and may differ for different size filters of oach
type. In addition, the extent to which asbestos contamination on such
membrane filters may contribute to background contamination during analysis
depends on the procedure employed for preparing the sample1. Unfortunately,
studies reporting levels of asbestos filter blank contamination frequently
oralc critical information concerning either the filter type, size, date of
purchase, or the preparation technique used in the analysis. The available

Some nicroscoplsts also suggest that asbestos losses may occur
during sample collection and transport vhen asbestos structures
are shaken off of the filter and redeposlted <on the cowl or
cassette. Others contend that this is not a significant problem
and that the data used to identify it is flawed by not controlling
for the effects of the differences betveon direct and indirect
preparation. The problem has yet to be confirmed in a published
study.
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data appear contradictory; Consequently, it is difficult to quantify a
representative .-range of asbestos contamination levels for filter batches that
are available today. . ..

6.3.1,1, • Contaeinatlon on MCE Filters

Prior to 1975, the level of contamination on HCE filters prepared by tha
direct aathod was reported in setae batches to be sufficient to preclude use in
standard asbestos analysis (Chatfleld, 19,85a). Pr&ecreenlng of filter batches
was therefore recommended. 'According to curront consensus, levels of
contamination detected on MCE filters - prepared by a direct preparation now •
appear to be minima], and these filters ace acceptable for most asbestos work.
However, published data is limited and published data addressing 23 ran filters
specifically is lacking.

(a) In a study of Indoor asbestos contamination, Hatfield et al (1938)
report 1 chrysotile asbestos fiber detected ott 1 of 19 MCE filter
•blanks (37 ma, 0.45 pm pore size). This corresponds to an upper
linit to background of less tihan 12 a/mf.

(b) The EPA study on filter blank contamination (USBPA, 1986b)
concluded with the observation that contamination on HCE filters
.appeared to- be composed predominantly of short chrysotile

. structures and that MCE filters are recosmendad for asbestos
sampling and analysis.

(c) Chatfield (1983d) also reports that most of- the contamination on
filter blanks iff chrysotile and that current levels of blank
contamination are acceptable. This paper also suggests that short
fibers predominate, although this observation .may be due simply to
.lack of a statistically balanced count.

For HCE filters prepared by an indirect technique, the situation' is
less clear. General consensus indicates that levels of. contamination are
acceptable when MCE filters are ashed. But published data, especially for
recent batches of 25 mm filters are United. Published data that address
background contamination resulting from the washing of MCE filters are
lacking, ' • .

(a) In a study of abatement techniques, Chesson et al (1983) report
' detection of no asbestos conCaalnatlon on laboratory blanks and

field blank HCB filters (47 mm, 0.43 psi pora sice) prepared by
ashing.the filter and-resuspending the deposit in distilled water
by aonlcation. This means that background contamination on the

: filters is less than 12 a/nun*, based on tho analysis performed.
. Note that the filtrate tras redeposited on a polycarbonate filter
(25 mm, 0.2 ftm pore «Izo) so that the background could also
. represent an upper limit to-contamination on polycarbonate filters
Subjected to direct preparation.
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(b) In a followup study of abatement: techniques. Chess on at -al (19S6t>)
report levels ranging becveen 0 and 58 s/ran3 with a mean of 30
s/mm2 on laboratory blank MCB filters (47 ami, 0.45 fan pore size)
prepared by ashing the filter and reeuspandlng tha deposit in
distilled water by sonication. Field blanks appear to exhibit a
slightly higher average asbestos contamination level than the
laboratory blanks. Ho to that the filtrate was redepoaitad on a
polycarbonate filter (25 at*,, 0.2 fan pore size) so that the
background could also represent: contamination duo to direct
preparation of a polycarbonate filter.

(o) In another followup to the series of abatement papers, Tuckfield
et al (1988) report levels ranging between 0 end 50 g/nm* with a
Bean of 20 */Bmr on 30 field and laboratory blank MCE filters
(47 ma. 0.45 pa pore size) prepared by ashing the filter and
resuepending the deposit in distilled water by sonioation. Note
that tha filtrate was redepoaited on a polycarbonate filter (25mm,
0.2 >im pore size) so that tha background observed could also
represent contamination due; to direct'preparation .of polycarbonate
filters.

(d) Individual microscoplsts (for example, C. Dunneyer, 1988) have
indicated In private conversations that indirect preparation by
washing MCE filters results in efficient transfer of asbestos and
that blank contamination is low (less than IS s/ram1). Filters
considered were 25 tun, 0.8 m̂ pore size KGB filters. However,
there are no published 'data to confirm ouch reports.

6.3.1.2. Asbestos Contamination on Polycarbonate Filters

The level of asbestos contamination on polycarbonate filters has
historically been reported to be higher than MCE filters. Available data
addressing current levels of contamination on polycarbonate filters is
inconclusive for filters prepared by direct preparation and published .data'
addressing background contamination on polycarbonate filters prepared by on
indirect technique (either aching or vashitig) appears to be lacking. General
consensus indicates that background contamination on current batches of
polycarbonate filters is generally higher than MCE filters when both are
prepared by the direct technique. However, published data are limited.

(a) In an abatement study, Tuckfield et al (1988) prepared A? mm
polycarbonate filters (pore size not reported) by a direct
technique and measured the background on a series of-laboratory
and field blanks. Levels reported range between '0 and AO a/can?
with an arithmetic mean of 7 s/tma2. Mote that an amphibole fiber
was detected on one of the blanks.

(b) In Ch* workshop on blank contamination (USEPA, 1986b). it was
reported that polycarbonate filters prepared by a direct technique
exhibit variable levels of blank asbestos contamination. -Levels
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appear to average About 2-6 structures/10 grid openings (25-75
structures/ma*) but particular lots nay contain 10 times this
amount. It was recommended that filter lots with »ore Chan 5
structures/10 grid openings (60 s/mm2) be returned to the
BWVifacturer. In the same study, use of MCE filters was recom-
twndod because polycarbonate blank contamination appears to
include both chrysotlle and atnphlbole and a significant fraction
of structures longer than 5 ;un ware encountered.

(c) Chatflold <198Sb) reports that although contamination of MCE
filters appears to have been minimized, contamination of
polycarbonate filters a till appears to be a problem.

(d) The studies .reported in. Section 6.2.1.1 indicate that an upper
limit to filter blank contamination on polycarbonate filters
prepared by a direct technique is 30 a/am2 based on contamination
observed following an indirect preparation of MCB filters in vhich
polycarbonate filters were used to filter the final suspension.

(e) There appears to be a consensus among several raicroscopists that
at least one group of oicroscopists consistently report lower
values for polycarbonate filter contamination. However, there is
no published data addressing this discrepancy and it has not been
resolved,

fi.3.1.3. Estimating Filter Blank Contamination Levels

Although qualitative conclusions way be drawn from the available data,
additional research is -recommended in this area. General consensus indicates
that moat current batches of MCE filters, when prepared by a direct technique,
should yield filter blank contamination levels below 30 s/nrm2. HCE filters
prepared by ashing: should also yield background below 30 a/ram*, Washing of ,
polycarbonate filters yields Comparably low levels of background
contamination. Published data., however, is too sparse to supporc any of these
numbers as typical. Therefore, at a minimum, duplicate filter blanks from
every batch used in a study should be prepared and analyzed as per the-
technique to be used in the study to quantify the level of background.

If .the ranee of filter blank contamination found during a preliminary.'.
evaluation da not clearly distinguishable from typical levels expected to be
encountered during the study, either the filter batch should be returned for a
new one (which must al»o be tested) or the study protocol should be
redesigned. It is assumed for this method that filter blank contamination can
he maintained below 30 a/ran1. It ta further assumed that the size
distribution of asbestos appearing as filter blank contamination parallels
typical chrysotile distributions as presented in Section 3.4. ' Therefore, if
the count of structures of all sizes exceeds background, the count of any size
fraction will also exceed the level of background corresponding to that
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particular size fraction. To minimize interference with filter blank
contamination, 60 s/mm2 in set as a target mlninura concentration for this
QO thod.

NOTE

The potential impact: of asbestos contamination contributed by the
membrane filter can be minimized fay maximizing the volume of air
collected per unit area of filter. However, collected air volumes must
he limited Co prevent overloading, especially for filters to. be prepared
by a direct-transfer technique (see Sections 6.2.1 and 6,2.4).

Within the range of the maximum air volume that: can -be .tolerated on a
filter due to constraints associated with filter loading, there Is also
the problem of the limit of the rate at which air can be pumped through.
A filter given tha capabilities of available puops {see Section 2.2 of •
The Method, Part 1 of this report). It the capabilities of the pump aro
Halting In a given situation, tho total volume of air to be collected
can theoretically be minimized without compromising analytical
sensitivity by selecting the smallest filter (25 mm) that-is practical
for sample collection.

6.3.2. Conclusions

Although specification of a detection limit: for this method require*
knowledge of the range and variation of analytical background and is therefore
study specific, general conclusions concerning the ability to achieve a
reasonable limit of detection nay be drawn from a comparison of tho relative
contributions to asbestos counts from environmental and analytical sources.
Tor filters prepared for TEH analysis in a particular study, the absolute
limit to detection Is unlikely to be lower than the concentration at. which the
density of structures deposited on the filter from the air is just equal to
the mean density of structures.present on the blank filter (30 a/mm2).
Ideally, however, sampled asbestos should be deposited on the filter at
several times the concentration of asbestos present due to analytical
background so that distinguishing sampled asbestos from analytical
contamination is trivial.

Given the upper range of the target concentrations derived In Section
3.5 (5 9/L for total asbestos structures and 0,2 s/I> for long asbestos
structures) , an air volume of 1 m* of air per en* of filter will deposit 50
asbestos structures of all sizes per ran* of filter and 2 long structures per
ma? of filter respectively. The fact that the first of these numbers exceeds
projected filter blank contamination levels by less than a factor of 2
indicates that preparing these, filters by a direct technique, which 1* subject
to the 1 m'/co3 limitation, likely presents a, marginally acceptable method for
characterizing asbestos structures of all lengths, at best. Direct
preparation is clearly unacceptable for characterising the concentrations of
long structures, because tha major contribution to observed asbestos will be
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from analytical background. Therefore, an Indirect preparation protocol Is
incorporated In this method. The consequences of the selection of an indirect
preparation procedure are addressed In Section 6.2.A.

NOTE

At a Holt of 30 s/ata? on a 25 cm filter with 1 n3/cm* air collected, 1
structure observed corresponds a concentration (analytical sensitivity)

'• .-• of .3 s/1, for structures of all sizes and 0.1 s/L for structures longer
than 5 pm. Clearly, limiting the quantity of air that can b« collected
to 1 m'/cn2 (as la the case for a direct preparation) is not sufficient
to achieve the required analytical sensitivities defined for this wethodl
(see Sections 4.3 and 6.2).

6.4. FACTORS AFFECTING PRECISION

•-. To n>aximiz.e precision, potential sources of variation within the method
oust be controlled. To minimize systematic variation during sampling and
analysis, the method specifies detailed procedures. Random variation is
minimized by maximizing the number of structures to ba identified and counted,
which includes Increasing the probability of encountering asbestos structures
during analysis, as discussed in Section 6.2. In addition; detailed and
unambiguous counting rules- and rulos for Identification are specified in tho
method to minimize variation due to subjective Interpretation. Specific
factors that must be controlled to maximize precision are:

(a) generating.a uniform deposit on. the analytical filter;

(b) minimizing subjectivity in the Interpretation of counting rules;

(c) minimizing variation introduced by small changes in instrument
performance; and

(d) minimizing statistical variation from counting too small a number
of structures..

(.4.1. Analytical Technique

•TEH Is. the analytical tool selected for this method so that analysis can
be performed an sufficient magnification to minimize variation due to snail
differences in tha performance characteristics of the instrument or the
experience of the analyst. However, several porforaanco criteria must bo
specifled'to minimize tho impact on precision.

In a comparison study, Steel and Snail (1983) report that IBM
Instruments vary with age and type. Differences between instruments that
contribute the most to analytical variation include image quality
(resolution), contrast, and brightness. Electron beam dose and mechanical
stage operation are also Important. Resolution was Judged by tha ability to
distinguish the hollow core of chrysotile fibrils. Contrast and brightness
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are controlled by Adjusting the voltage and aporcure slices of the instrument.
In Che study, not all Instruaents could be configured to perform equally well.
Soao of tho oldest TEH instruments could not be adjusted to provide sufficient
resolution Co observe the central canals of chryaotile fibrils clearly.

The beam dose effects Che counting process by causing damage. If too
high a beam current is required by an instrument to achieve the required
brightness or resolution, than the potential to damage the sample may become
so great that the ability to scan properly may be lost. This is particularly
true vhen attecopcing to generate SAED spectra.

The operation of tho mechanical stage is crucial to achieve good
precision in counts. Approximately 20-30 traverses are needed to complete a
scan of a single grid opening. Thus, the extent that a stage wanders during a
trovers* may affact tha time necessary and the ability to precisely count all
fibers in a grid opening. Some of the stages tested by Sceel and Small
wandarad by 30 jot during a single traverse. However, the TEH used for the
operator teats in the study wandered by less than 1 jan in a 100 pta linaar •
traverse.

Based on the work of Stool and Small. It Is recommended that: TEH
instruments to be used with this method exhibit a resolution at 20,000
magnification that Is sufficient to clearly resolve tho central canal of the
finest chryaotile fibril. In addition, tho oechanical stage of the Instrument
must be shown to wander by less Chan 1 JMB per 100 pa linear traverse.
Finally, it is recouraended chat specific performance criteria addressing beam
dose, brightness, and contrast be developed for Instruments to be used with
this method.

6.4.2. Magnification/Resolution

The precision of this method Is affected by the magnification.selected
to the extent that tha ability to detect asbestos structures lies close to the
limit of the associated resolution. Microscopists vary in their ability to
detect very small asbestos structures at magnifications used for scanning in
this method, 10,000 and 20,000, (Steel and Small. 1985). It has been reported
that only 30% of asbascos structures shorter than 0.5 pn were detected by all
analysts in a round-robin study. Bolow this length, tho fraction of analysts
who regularly detect such structures decreases rapidly. Ac the some tine,
proper characterisation of tha size fractions present in an asbestos dust
requires that the mod* of tho distribution b* Included in the count. The
published size distributions presented in Section 3.4 indicate that the mode
of asbestos length distributions in most dusts falls within a range from
0.8 fm. to 1.2 fira. Therefore, as a reasonable compromise allowing the
detection of the mode of asbostos distributions while addressing the limited
ability of analysts to detect short structures, a minimum length of 0.5 ion has
been defined as tha shortest fiber to be incorporated in eha reported results
for this mathod.
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The minimum detectable width for asbestos 8truecures counted in this
method la determined by the ability of an operator to detect them in a routine
examination at Che specified magnification of the method. The minimum
magnification specified in this method (10,000) Is more than sufficient to
aesure visibility of the thinnest chrysotile asbescos fibrils.

6.V.3. Uniformity of Filter Deposit

' . To meaningfully extrapolate structure counts performed over a United
area to this concentration of structures on an entire filter, the nature of the.
distribution of structures on the filter oust be known and the distribution
must be reasonably uniform. * Chatflald (1983b) has shown ,that the distribution
o£ structures on analytical filters prepared by A direct technique are not
uniform. Using a chi-squared test, Chatfleld found that 100% of the directly
prepared filters that exhibited more than 30 structures/ 10 grid openings had
to bo rejected as non-uniform ac a 1% level of significance., The fraction of
filters that passed the chi-squared test for uniformity increased as the
loadings on the filters decreased, but this was attributed to the presence of
an insufficient number of structures to properly determine a distribution. In
contrast, nearly all of the filters prepared by indirect preparation
techniques exhibited uniform deposits at a 1* level of significance and 100%
of the indirectly prepared samples could be shown to be uniform at reduced
levels of significance.

Due to the apparent characteristics of air deposited asbestos, .directly
prepared filters do not exhibit uniform deposits. Consequently, indirect
preparation has been Incorporated into this method.

6.4.4. Rules for Counting, Characterization, and Recording

Based on a study by Steel and Snail (1985), operator error is one of
several potential sources of-variation. The problea is worse if counting
procedures are not standardized. It is also reported that this variation, can
be reduced when counting rules are standardized and .specif led in. detail.
Performance also varies as a function of observer experience and the degree of
professional time pressure under which an analysis is performed. To account
for these observations, detailed standardized counting rules have been
incorporated tn this method. It Is al*o recommended that minimum requirements
for experience be developed for the analysts. Thla may Include, for example,
mandatory participation by analysts in round-robin studies.

Once the concentration of structures collected on a filter la sufficient
to be observed, the number of ntructures detected effects the precision of the
measurement. Precision tends to increase as the square root of the number of
structures, counted. Thla implies that the incremental improvement in
precision derived from each individual structure counted decreases as the
total number of structures counted Increases.
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Burdetrt (1985a) got significant Improvement In precision by increasing
counts between 20 and 50 structures. Hfr reports, however, chat: the
incremental improvement In precision for structures counted beyond SO are
minimal. The characterisation of structure* to be counted in this method
includes distinguishing among counts of Several sub-types (bundles, clusters,
matrices, and fibers). Based on Burdott's data, Improvements in the precision
of the count of each sub-type is expected until SO structures of each sub type
are counted. However, this would require counting more than of 400 total
asbestos structures, an excessive requirement. Tharefore, an upper limit to
Che count of total asbestos structures of SO is defined for this method and a
lower level of precision is considered acceptable for the count of each sub-
type. A similar strategy is adopted for structures longer than 5 jun.

MOTE

A count of 100 total asbestos structures and 100 structures longer than
3 pa is defined in this method for Phase 2 samples because of a need for
increased precision in the counts of sub-types in these samples (see
Section 6.4.2.



7. RgCOHKEKDED PROCEDURES FOR MAHIPULATISG ANALYTICAL. DATA

Because the principle objective of the sampling and analysis method
presented in Part 1 of this report is to provide results suitable for <
supporting a rislc «s«e«s:iient, this section addresses tho kinds .of data
manipulation typically performed -to complete a risk assessment. The
procedures presented here are recommended for general application. It is
•recognized, however, that alternate valid approaches are also available 30
that the recommended procedures should not be viewed aa strict requirements.
In addition, -specific circumstances may present special computational 'needs
beyond the scope of what is addressed here. To preserve the Integrity and the
intent: of data derived froa this method, it is recommended that a statistic tan
be consulted prior to the adoption of alternate computational procedures for
manipulating data as pare of a site evaluation.

In a risk assessment, field results are typically combined to provide
average concentrations representative of a given location or a given period oir

tlna. Frequently, long-term (multiple-year) tine averages are desired because
lifetime rather than short-term risks are generally addressed. Depending on
the particular purpose for the computation, average concentrations may be
derived either from homogeneous samples (samples intended to represent tho
some sampling environment) or from non-houogeneeus samples (camples collected
in different sampling environments). Procedures for deriving averages from
homogeneous and non-homogeneous sets of samples are provided in Section 7.1
along with instructions for constructing confidence limits around averages of
homogeneous saoplos (Section 7.2) and non-homogeneous samples (Section 7.3).

Once average concentrations are computed, they are generally compared to
distinguish anthropogenic contamination from background or to distinguish
anong levels of contamination potentially contributed from, different sources.
Such comparisons examine the relative differences of various measurenents. .
However, long-terra average exposure concentrations are also typically compared
to existing risk factors to establish the magnitude of absolute risk. This
lasc use of analytical data relies on the absolute concentration derived from
a particular sat of measurements. A procedure for conducting a statistical
test to distinguish among the average concentrations derived from various
sample sets is presented in Section 7.4.

Tho significance of considering the need for a relative verses an
absolute measurement is to determine whether analytical results must be
adjusted to account for analytical background contamination (see Section 11.4
of Fart 1 o£ thtfl report). While unnecessary and not recommended for the, •
manipulation oC relative values, the adjustment for analytical background is
required to derive an absolute measurement. A procedure for adjusting
measurements to account for analytical background is provided In Section 7.S.

NOTE '

Statistical tests should all be performed on unadjusted analysis
results.
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7.1. coHFonna AVERAGE CONCEFTI«ATIOHS FKOH OTITTPLE SAKPUES

As Indicated above, It Is frequently helpful to summarize results froa a
set of samples by computing an average. For several reasons. It is
recommended that arithmetic averages be used exclusively. First:, averages are
often used to judgo risk, to health and such risk is more likely to be a
function of the arithmetic mean than, say, a geometric mean (e.g., the risk
from breathing 0.2 f/al 12 hours per day and 0. 00002 f/ml 12 hours per day is
probably closer to the risk from constantly breathing 0.1001 £/ml (the
arithmetic aeanj than breathing 0.002 f/nl I the geometric mean]). Second, the
geooatric mean is zero whenever ona of tho individual samples results is zero,
and ad hoc adjustments to address this problem (such as replacing zero
estimates by detection, limits) can introduce serious biases.

If samples are considered to be homogeneous (designed to represent tho
same sampling environment) , it Is recommended that simple un- weigh tod
orithnetic averages be calculated. For example, denote the calculated
airborne concentrations from a group of K samples by Cj, . .., Cj. The ,
estimated average concentration, C, would then be

C - (Cx + . . .

If tho analytical sensitivities of the samples to be averaged differ
considerably, it may bo appropriate to compute a weighted average with weights
set equal to the inverses of the analytic sensitivities. This Is equivalent
to computing the average by dividing the total number of structures found in
all of the samples by the total volume of air pasaed through all of the sample
filters. .

Frequently, it vill also be necessary to compute an average for a
collection of non'honogeneous samples. For example, one night wish to
calculate the average exposure of an individual who frequents several areas
with varying estimated airborne concentrations of asbestos. • It is recommended
that such an average be obtained as follows. First, calculate an average
concentration from each homogeneous area by averaging the set of samples
collected in each such area as indicated above. Averages derived for the
homogeneous ar«as should then be combined In. a weighted average, with weights
equal to tha proportions of time the individual spends in each of the various
areas. Thus, if Cx, C2,...C|£ are the overage concentrations computed froa K
groups of homogeneous samples using the previous expression, then the overall
average exposure concentration experienced by the individual under
consideration, based on the respective weights Wj,...HK, would be

If desired, one can test whether groups of samples are homogeneous .using the
Bilcoxon and Kruakal-Wallia tests (see Section 7.4). : '



7.2. COMPUTING CONFIDENCE LIMITS FOR AVERAGES OF HOMOGENEOUS SAMPLES

If there are no wore than 30 structures in a combined group of K samples
then the confidence limits for the average concentration is computed based on
Che Poisson distribution. Let x be the total number of structures on the
combined filters (tb« number o£ structures in a single saatple is tho .estimated
concentration divided by the analytical sensitivity). Lee % be. Che 954 upper
confidence limit on the total count x, calculated from tho Poisson
distribution as described in detail in Section E.4,2 (Appendix E of The
Method, Pare 1 of this report). The upper 95% limit on the average
concentration, Cv. is then x,,' divided by the sum of the reciprocals of the
analytical sensitivities, i.e.,

The lover limit la determined from 'the same formula except chat a suitably
defined lower limit XL replaces x^.

If more than 30 structures are found in A combined group of K
then confidence limits are also calculated by tho following procedure and the
most extreme values are reported. Let Ct he Che calculated concentration for
the ith sample, let C be the arithmetic average, and let sa* be the
corresponding sample variance,

'-
k
S

le-1 i-1

Then the 954 confidence Units on .the average concentration are computed as

0B - C •»• 1.65 se . '

and

C^ equal to the larger of C - 1.65 8, or zero.

7.3. COMPUTING CONFIDENCE LIMITS FOR AVERAGES OF NON-HOHOGEHEOUS
SAMPLES

Suppose Cj,., .Cj are average concentrations computed from K groups of
homogenous samples. 80i*....seX* ar* tho corresponding variance cents, to
compute confidence limits for the weighted average* concentration estimated by

87



Define

The 95% upper and lower limits,, respectively. are Chen

C^ - CH + 1-65 a,,

and Cm, equal to Che larger of

CH - 1.65 sy, or zero.

7.4. TESTING FOB DIFFERENCES BETWEEN COKCEHTRATIOSS DERIVED FROM
DIFFERED! SETS OF SAMPLES

It Is recommended chac the Wllcoxon non-parametric test. (Hollander and
Wolfe 1973) bo us«d Co test whether airborne concentrations measured from one
set of samples are significantly different from those measured by another set.
Such a test: can ba usad, for example, to determine whether concentrations are
higher in one environmental area than another (e.g.. near an asbestos disposal
sice verses a more distant: control area). The test 1* Also recommended to
distinguish "sampled' asbestos from contamination attributed to analytical
background.

The test should be applied directly to Che
measurements of airborne concentrations. A. mean of zero,
in placa of all measurements reported as "HF"

means reported for
0", should be used

for not found. A detailed
description of tho appllcntlon of Che Hilcoxon Test Is provided in Section B.5
(Appendix E of The Method, Part 1 of this report).

Care should be taken to .exclude possible sources of systematic bias when
applying the Wilcoxon test or similar tests. Such bias can result, for
example. If:

(1) different laboratories analyzed the groups of samples being
compared;

(2) the groups of samples vere analyzed by the sane laboratory but by
distinct analysts;

(3) the samples were analyzed by tho soate analysts at the same
laboratory but before and after a modification to Laboratory •
procedure vaa adopted;

(4) th« samples from the two groups ware collected on diffaronc types
or batches of filters; or
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(5) th» groups of samples were collected or prepared using radically
different procedures.

Such sources of bias con be minimized by keeping experimental conditions A3
similar as possible when collecting groups of samples intended for comparison,
randomizing filters among laboratories or among analysts whenever multiple
laboratories or analysts within laboratories ore used to analyze filters, and
withholding from analysts the identity of the source locations of the filters.

To test for non-homogeneities among airborne concentrations from several
sites the non-parametric Kruskal-tfallls toot can be used (Hollander and Wolfe
1973}. This test la a generalization of the Vilcoxon test that can be applied
to more than two groups of data. If analyses involve samples analyzed at
separate laboratories, it Is strongly suggested that laboratory b« used as a.
blocking factor (Lehnann 1973). so that direct comparisons are made only among
samples analyzed at the saae laboratory.

7.5, ADJUSTING MEASURED CONCENTRATIONS FOR CONTRIBUTIONS FROM
ANALYTICAL BACKGROUND CONTAMINATION

When It becomes necessary to determine the absolute magnitude of a
measured asbestos concentration (aa when measured concentrations are compared
to existing risk factors, to establish the magnitude of risk), mean
measurements of airborne concentrations must be adjusted to account Sot
contributions from analytical background contamination. As addressed In
Section B.3 (Appendix E to the Method,-Part 1 of this report), It is strongly
xecoMOcrtded that such adjustments be applied Co averages of groups of samples
rather than individual sample analysis ..resuits;

To adjust an average concentration computed for a group of samples
weighted by the inverse of their individual analytical sensitivities, proceed
aa follows. Let x be the total number of structures detected in the used
filters, Af the total area examined from these filters, and BC the surface
concentration of structures obtained from an appropriate set of blanks. The
adjusted airborne concentration is calculated as

fx/A, - BC) A. .

Aa indicated in Section 8.5, blank analyses may be obtained either from
filters analyzed' from the same batch used for sample collection or from a
cumulative database of historical blank analyse* maintained by the laboratory
performing the analyses. Depending on the given application, one or the other
of thece data sets nay be considered moat appropriate. When adjusting sample
analysis results for contributions from analytical background, the source of
the blank data must be specified.
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1.0 INTRODUCTION

Laboratories are now called upon to identify asbestos in a variety of bulk building

materials, including loose-fill insulations, acoustic and thermal sprays, pipe and boiler wraps,

plasters, paints, flooring products, roofing materials and cementitious products.

The diversity of bulk materials necessitates the use of several different methods of sample

preparation and analysis. An analysis with a simple stereomicroscope is always followed by

a polarized light microscopic (PLM) analysis. The results of these analyses are generally

sufficient for identification and quantitation of major concentrations of asbestos. However,

during these stereomicroscopic and PLM analyses, it may be found that additional techniques

are needed to: 1) attain a positive identification of asbestos; 2) attain a reasonable accuracy

for the quantity of asbestos in the sample; or 3) perform quality assurance activities to

characterize a laboratory's performance. The additional techniques include x-ray diffraction

(XRD), analytical electron microscopy (AEM), and gravimetry, for which there are sections

included in the method. Other techniques will be considered by the Environmental

Protection Agency (EPA) and may be added at some future time. Table 1-1 presents a

simplified flowchart for analysis of bulk materials.

This Method for the Determination of Asbestos in Bulk Building Materials outlines the

applicability of the various preparation and analysis methods to the broad spectrum of bulk

building materials now being analyzed. This method has been evaluated by the EPA

Atmospheric Research and Exposure Assessment Laboratory (EPA/AREAL) to determine if

it offers improvements to current analytical techniques for building materials. This method

demonstrated a capability for improving the precision and accuracy of analytical results. It

contains significant revisions to procedures outlined in the Interim Method,1 along with the

addition of several new procedures. Each technique may reduce or introduce bias, or have

some effect on the precision of the measurement, therefore results need to be interpreted

judiciously. Data on each technique, especially those new to asbestos analysis, will be

collected over time and carefully evaluated, with resulting recommendations for changes to

the Method to be passed on to the appropriate program office within EPA.



TABLE 1-1. SIMPLIFIED FLOWCHART FOR ANALYSIS OF BULK MATERIALS

Mandatory

STEREOMICROSCOPIC EXAMINATION
Qualitative (classification, fiber ID) and
Quantitative (calibrated volume estimate)

Section 2.1

Mandatory
POLARIZED LIGHT MICROSCOPY

Qualitative (classification, fiber ID) and
Quantitative (calibrated area estimate

and/or point count)
Section 2.2

Continue when problems are encountered with PLM
and/or for Quality Assurance purposes

Qualitative Problems
(Fiber ID problems)

Quantitative Problems
(?ACM?)

Matrix removal
Section 2.3

PLM

XRD
Sec. 2.4

AEM
Sec. 2.5

Gravimetry
Sec. 2.3

XRD AEM PLM XRD AEM

(fiber identification) (amount of asbestos in residue)

'••.:_•*'



This is an analytical method. It is not intended to cover bulk material sampling, an area

addressed previously2-30 by the EPA. However, subsampling or sample splitting as it

pertains to laboratory analysis procedures in this method, is discussed throughout.

1.1 References

1. Interim Method for the Determination of Asbestos in Bulk Insulation Samples
U.S. E.P.A. 600/M4-82-020, 1982.

2. Asbestos-Containing Materials in School Buildings: A Guidance Document, Part
1 and 2, U.S. E.P.A./O.T.S NO. C00090, 1979.

3. Asbestos in Buildings: Simplified Sampling Scheme for Friable Surfacing
Materials, U.S. E.P.A. 560/5-85-030a, 1985.

4. Guidance for Controlling Asbestos-Containing Materials in Buildings, U.S
E.P.A. 560/5-85-024, 1985:

5. Asbestos-Containing Materials in Schools: Final Rule and Notice, 40 CFR Part
763, October, 1987.

2.0 METHODS

2.1 Stereomicroscopic Examination

A preliminary visual examination using a simple stereomicroscope is mandatory for all

samples. A sample should be of sufficient size to provide for an adequate examination. For

many samples, observations on homogeneity, preliminary fiber identification'and semi-

quantitation of constituents can be made at this point. Another method of identification and

semi-quantitation of asbestos must be used in conjunction with the Stereomicroscopic

examination. A description of the suggested apparatus needed for Stereomicroscopic

examination is given in Appendix B.

The laboratory should note any samples of insufficient volume. A sufficient sample

volume is sample-type dependent. For samples such as floor tiles, roofing felts, paper

insulation, etc., three to four square inches of the layered materiaJ would be a preferred

sample size. For materials such as ceiling tiles, loose-fill insulation, pipe insulation, etc., a

sample size of approximately one cubic inch (— 15cc) would be preferred. For samples of

thin-coating materials such as paints, mastics, spray plasters, tapes, etc., a smaller sample



size may be suitable for analysis. Generally, samples of insufficient volume should be

rejected, and further analysis curtailed until the client is contacted. The quantity of sample

affects the sensitivity of the analysis and reliability of the quantitation steps, if there is a

question whether the sample is representative due to inhomogeneity, the sample should be

rejected, at least until contacting the client to see if: 1) the client can provide more material

or 2) the client wishes the laboratory to go ahead with the analysis, but with the laboratory

including a statement on the limited sensitivity and reliability of quantitation. If the latter is

the case, the report of analysis should state that the client was contacted, that the client

decided that the lab should use less material than recommended by the method, and that the

client acknowledges that this may have limited the sensitivity and quantitation of the method.

At the time the client is contacted about the material, he or she should be informed that a

statement reflecting these facts will be placed in the report.

2.1.1 Applicability

Stereomicroscopic analysis is applicable to all samples, although its use with vinyl floor

tile, asphaltic products, etc., may be limited because of small asbestos fiber size and/or the

presence of interfering components. It does not provide positive identification of asbestos.

2.1.2 Range

Asbestos may be detected at concentrations less than one percent by volume, but this

detection is highly material dependent.

2.1.3 Interferences

Detection of possible asbestos fibers may be made more difficult by the presence of other

nonasbestos fibrous components such as cellulose, fiber glass, etc., by binder/matrix

materials which may mask or obscure fibrous components, and/or by exposure to conditions

(acid environment, high temperature, etc.) capable of altering or transforming asbestos.

2.1.4 Precision and Accuracy

The precision and accuracy of these estimations are material dependent and must be

determined by the individual laboratory for the percent range involved. These values may be



determined for an individual analyst by the in-house preparation and analysis of standards

and the use of error bars, control charts, etc.

The labs should also compare to National Voluntary Laboratory Accreditation Program

(NVLAP) proficiency testing samples, if the lab participates in the Bulk Asbestos NVLAP.

or to external quality assurance system consensus results such as from proficiency testing

programs using characterized materials. However, at this time, consensus values for the

quantity of asbestos have been shown to be unreliable. Only proficiency testing materials

characterized by multiple techniques should be used to determine accuracy and precision.

2.1.5 Procedures

NOTE: Exposure to airborne asbestos fibers is a health hazard. Bulk samples

submitted for analysis are oftentimes friable and may release fibers during handling 0:

matrix reduction steps. All sample handling and examination must be carried out in a

HEPA-filtered hood, a class 1 biohazard hood or a glove box with continuous airflow

(negative pressure). Handling of samples without these precautions may result in

exposure of the analyst to and contamination of samples by airborne fibers.

2.1.5.1 Sample Preparation

No sample preparation should be undertaken before iniiial stereomicroscopic examination.

Distinct changes in texture or color on a stereomicroscopic scale that might denote an uneven

distribution of components should be noted. When a sample consists of two or more distinct

layers or building materials, each should be treated as a separate sample, when possible.

Thin coatings of paint, rust, mastic, etc., that cannot be separated from the sample without

compromising the layer are an exception to this case and may be included with the layer to

which they are attached. Drying (by heat lamp, warm plate, etc.) of wet or damp samples is

recommended before further stereomicroscopic examination and is mandatory before PLM

examination. Drying must be done in a safety hood.

For nonlayered materials that are heterogeneous, homogenization by some means (mill,

blender, mortar and pestle) may provide a more even distribution of sample components. It



may also facilitate disaggregation of clumps and removal of binder from fibers (rarely

however, it may mask fibers that were originally discernable).

For materials such as cementitious products and floor tiles, breaking, pulverizing, or

grinding may improve the likelihood of exposing fibrous components.

It may be appropriate to treat some materials by dissolution with hydrochloric acid to

remove binder/matrix materials. Components such as calcite, gypsum, magnesite, etc., may

be removed by this method. For materials found to possess a high organic content

(cellulose, organic binders), ashing by means of a muffle furnace or plasma asher (for small,

cellulosic samples), or dissolution by solvents may be used to remove interfering material.

In either case, it is recommended that matrix removal be tracked gravimetrically.

Additional information concerning homogenization, ashing and acid dissolution may be

found in Sections 2.2.5.1 and 2.3.

2.1.5.2 Analysis

Samples should be examined with a simple stereomicroscope by viewing multiple fields

of view over the entire sample. The whole sample should be observed after placement in a

suitable container (watchglass, weigh boat, etc.) substrate. Samples that are very large

should be subsampled. The sample should be probed, by turning pieces over and breaking

open large clumps. The purpose of the stereomicroscopic analysis is to determine

homogeneity, texture, friability, color, and the extent of fibrous components of the sample.

This information should then be used as a guide to the selection of further, more definitive

qualitative and quantitative asbestos analysis methods. Homogeneity refers to whether each

subsample made for other analytical techniques (e.g. the "pinch" mount used for the PLM

analysis), is likely to be similar or dissimilar. Color can be used to help determine

homogeneity, whether the sample has become wet <rust color), and to help identify or clarify

sample labelling confusion between the building material sampler and the laboratory.

Texture refers to size, shape and arrangement of sample components. Friability may be

indicated by the ease with which the sample is disaggregated (see definitions in Appendix A)

as received by the analyst. This does not necessarily represent the friability of the material

as determined by the assessor at the collection site. The relative proportion of fibrous



components to binder/matrix material may be determined by comparison to similar materials

of known fibrous content. For materials composed of distinct layers or two or more distinct

building materials, each layer or distinct building material should be treated as a discrete

sample. The relative proportion of each in the sample should be recorded. The layers or

materials should then be separated and analyzed individually. Analysis results for each layer

or distinct building material should be reported. If monitoring requirements call for one

reported value, the results for the individual layers or materials should always be reported

along with the combined value. Each layer or material should be checked for homogeneity

during the stereomicroscopic analysis to determine the extent of sample preparation and

homogenization necessary for successful PLM or other analysis. Fibers and other

components should be removed for further qualitative PLM examination.

Using the information from the stereomicroscopic examination, selection of additional

preparation and analytical procedures should be made. Stereomicroscopic examination

should typically be performed again after any change or major preparation (ashing, acid

dissolution, milling, etc.) to the sample. Stereomicroscopic examination for estimation of

asbestos content may also be performed again after the qualitative techniques have clarified

the identities of the various fibrous components to assist in resolving differences between the"

initial quantitative estimates made during the stereomicroscopic analysis and those of

subsequent techniques. Calibration of analysts by use of materials of known asbestos content

is essential.

The stereomicroscopic examination is often an iterative process. Initial examination and

estimates of asbestos concentration should be made. The sample should then be analyzed by

PLM and possibly other techniques. These results should be compared to the initial

stereomicroscopic results. Where necessary, disagreements between results of the techniques

should be resolved by reanalyzing the sample stereomicroscopically.



2.1.6 Calibration Materials

Calibration materials fall into several categories, including internal laboratory standards

and other materials that have known asbestos weight percent content. These calibration

materials could include:

• Actual bulk samples: asbestos-containing materials that have been characterized by
other analytical methods such as XRD, AEM and/or gravimetry. (e.g. NVLAP test
samples).

• - Generated samples: in-house standards that can be prepared by mixing known
quantities of asbestos and known quantities of asbestos-free matrix materials (by
weight), and mixing (using blender, mill, etc.) thoroughly to achieve homogeneity;
matrix materials such as vermiculite, perlite, sand, fiberglass, calcium carbonate,
etc. may be used. A range of asbestos concentrations should be prepared (e.g. I, 3,
5, 10, 20%, etc.). The relationship between specific gravities of the components
used in standards should be considered so that weight/volume relationships may be
determined.

• Photographs, drawings: photomicrographs of standards, computer-generated
drawings, etc.

Suggested techniques for the preparation and use of in-house calibration standards are

presented in Appendix C, and at greater length by Harvey et al.1 The use of synthesized

standards for analyst calibration and internal laboratory quality control is not new however,

having been outlined by Webber et al.2 in 1982.

2.1.7 References

1. Harvey, B. W., R. L. Perkins, J. G. Nickerson, A. J. Newland and M. E. Beard,
"Formulating Bulk Asbestos Standards", Asbestos Issues, April 1991, pp. 22-29.

2. Webber, J. S., A. Pupons and J. M. Fleser, "Quality-Control Testing for Asbestos
Analysis with Synthetic Bulk Materials". American Industrial Hygiene Associations
Journal, 43, 1982, pp. 427-431.
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2.2 Polarized Light Microscopy

2.2.1 Principle and Applicability

Samples of bulk building materials taken for asbestos identification should first be

examined with the simple stereomicroscope to determine homogeneity and preliminary fiber

identification. Subsamples should then be examined using PLM to determine optical

properties of constituents and to provide positive identification of suspect fibers.

The principles of optical mineralogy are well-established. i:"M A light microscope

equipped with two polarizing filters is used to observe specific optical characteristics of a

sample. The use of plane polarized light allows for the determination of refractive indices

relative to specific crystallographic orientations. Morphology and color are also observed

while viewing under plane polarized light. Observation of particles or fibers while oriented

between polarizing filters whose privileged vibration directions are perpendicular (crossed

polars) allows for determination of isotropism/anisotropism, extinction characteristics of

anisotropic particles, and calculation of birefringence. A retardation plate may be placed in

the polarized light path for verification of the sign of elongation. If subsamples are prepared

in such a way as to represent all sample components and not just suspect fibers, semi-

quantitative analysis may also be performed. Semi-quantitative analysis involves the use of

calibrated visual area estimation and/or point counting. Visual area estimation is a semi-

quantitative method that must relate back to calibration materials. Point counting, also semi-

quantitative, is a standard technique used in petrography for determining the relative areas

occupied by separate minerals in thin sections of rock. Background information on the use

of point counting3 and the interpretation of point count data5 is available.

Although PLM analysis is the primary technique used for asbestos determination, it can

show significant bias leading to false negatives and faJse positives for certain types of

materials. PLM is limited by the visibility of the asbestos fibers. In some samples the fibers

may be reduced to a diameter so small or masked by coatings to such an extent that they

cannot be reliably observed or identified using PLM.



2.2.2 Range

The detection limit for visual estimation is a function of the quantity of sample analyzed,

the nature of matrix interference, sample preparation, and fiber size and distribution.

Asbestos may be detected in concentrations of less than one percent by area if sufficient

material is analyzed. Since floor tiles may contain fibers too small to be resolved by PLM

(< 0.25 /im in diameter), detection of those fibers by this method may not be possible.

When point counting is used, the detection limit is directly proportional to the amount of

sample analyzed, but is also limited by fiber visibility. Quantitation by area-estimation, both

visual and by point counting, should yield similar results if based on calibration standards.

2.2.3 Interferences

Fibrous and nonfibrous, organic and inorganic constituents of bulk samples may interfere

with the identification and quantitation of the asbestos mineral content. Binder/matrix

materials may coat fibers, affect color, or obscure optical characteristics to the extent of

masking fiber identity. Many organic mastics are soluble in refractive index liquids and,

unless removed prior to PLM examination, may affect the refractive index measurement of

constituent materials. Fine particles of other materials may also adhere to fibers to an extent

sufficient to cause confusion in identification. Gravimetric procedures for the removal of

interfering materials are presented in Section 2.3.

2.2.4 Precision and Accuracy

Data obtained for samples containing a single asbestos type in a sample matrix have been

reported previously by Brantley et al.6 Data for establishing the accuracy and precision of

the method for samples with various matrices have recently become available. Perkins,7

Webber et al.1 and Harvey et al.9 have each documented the tendency for visual estimates

to be high when compared to point-count data. Precision and accuracy must be determined

by the individual laboratory for the percent range involved. If point counting and/or visual

estimates are used, a table of reasonably expanded errors, such as those shown in Table 2-1,

should be generated for different concentrations of asbestos.

10



If the laboratory cannoi demonstrate adequate precision and accuracy (documented by

control charts, etc), quantitation by additional methods, such as gravimetry, may be required.

Refer to the Handbook for SRM Users10 for additional information concerning the concepts

of precision and accuracy.

TABLE 2-1. SUGGESTED ACCEPTABLE ERRORS FOR PLM ANALYSIS
(Based on 400 point counts of a reasonably homogeneous sample

or 100 fields of view for visual estimate;

% Area Asbestos

1

5

10

20

30

40

Acceptable Mean
Result

>0-3%

>l-9%

5-15%

10-30%

20-40%

30-50%

% Area Asbestos

50

60

70

80

90

100

Acceptable Mean
Result

40-60%

50-70%

60-80%

70-9056

80-100%

90-100%

2.2.5 Procedures

NOTE: Exposure to airborne asbestos fibers is a health hazard. Bulk samples

submitted for analysis are oftentimes friable and may release fibers during handling or

matrix reduction steps. All sample and slide preparations must be carried out in a

HEPA-filtered, a class 1 biohazard hood, or a glove box with continuous airflow

(negative pressure). Handling of samples without these precautions may result in

exposure of the analyst to and contamination of samples by airborne fibers.

2.2.5.1 Sample Preparation

Slide mounts are prepared for the identification and quantitation of asbestos in the

sample.

2.2.5.1.1 Qualitative Analysis Preparation

The qualitative preparation must allow the PLM analysis to classify the fibrous

components of the sample as asbestos or nonasbestos. The major goal of the qualitative

11



preparation is to mount easily visible fibers in appropriate refractive index liquids for

complete optical characterization. Often this can be accomplished by making immersion

grain mounts of random subsamples of the homogeneous material. Immersion liquids with

refractive indices close to the suspected (see stereomicroscopic analysis) asbestos mineral

should be used for the qualitative analysis so that nD can be determined. Problem samples

include those with inhomogeneities, coatings, small fibers, and interfering compounds.

Additional qualitative preparations are often necessary for these types of samples. All

samples, but especially those lacking homogeneity, may require picking of fibers from

specific sample areas during the stereomicroscopic examination. Coalings on the fibers often

need to be removed by mechanical or chemical means. Teasing the particles apart or use of

a mortar and pestle or similar mechanical method often is sufficient to free fibers from

coatings. Chemical means of removing some coatings and interfering compounds are

discussed in Section 2.3, Gravimetry.

2.2.5.1.2 Quantitative Analysis Preparation

The major purpose of the quantitative preparation is to provide the analyst with a

representative grain mount of the sample in which the asbestos can be observed and

distinguished from the nonasbestos matrix. This is typically performed by using randomly

selected subsamples from a homogeneous sample (see stereomicroscopic analysis). Particles

should be mounted in a refractive index (RI) liquid that allows the asbestos to be visible and

distinguished from nonasbestos components. Care should be taken to-ensure proper loading

and even distribution of particles. Both the qualitative and quantitative sample preparations

are often iterative processes. Initial samples are prepared and analyzed. The PLM analysis

may disclose problems or raise questions that can only be resolved by further preparations

(e.g. through the use of different RI immersion liquids, elimination of interfering

compounds, sample homogenization, etc.)

For layered materials, subsamples should be taken from each individual or discrete layer.

Each of these subsamples should be treated as a discrete sample, but as stated in Section

2.1.5.2, the results for the individual layers or materials may be combined if trailed for by

monitoring requirements.

12



Homogenization involves the use of any of a variety of devices, such as a mortar and

pestle, mill, or blender to pulverize, disaggregate and mix heterogeneous, friable bulk

materials. Selection of the appropriate device is dependent upon personal preference and the

nature of the materials encountered. A blender or mortar and pestle may be adequate for

homogenizing materials that lack appreciable amounts of tacky matrix/binder, and for

separating interfering components from the fibers. For materials which are unusually sticky

or tacky, or contain unusually long asbestos fibers, mil l ing (especially freezer milling) may

be more efficient. However, milling should be discontinued as soon as the material being

milled appears homogeneous, in order to reduce the potential for mechanically reducing fiber

size below the resolving power of the polarizing microscope. Hammer mills or cutting mills

may also be used on these materials-; however, the same precaution regarding reduction of

fiber size should be taken. Blending /mill ing devices should be disassembled (to the extent

possible) and thoroughly cleaned after each use to minimize contamination.

2.2.5.2 Analysis

Analysis of bulk building materials consists of the identification and semi-quantitation of

the asbestos type(s) present, along with the identification, where possible, of fibrous

nonasbestos materials, mineral components and matrix materials. If the sample is

heterogeneous due to the presence of discrete layers or two or more distinct building

materials, each layer or distinct material should be analyzed, and results reported. Total

asbestos content may also be stated in terms of a relative percentage of the total sample.

2.2.5.2.] Identification

Positive identification of asbestos requires the determination of the following optical

properties:

• Morphology • Birefringence

• Color and, if present, pleochroism • Extinction characteristics

• Refractive indices (± .005) • Sign of elongation

13



Descriptions of the optical properties listed above for asbestos fibers mav be found in

Appendix A. Glossary of Terms. Table 2-2 lists the above properties for the six types of

asbestos and Table 2-3 presents the central stop dispersion staining colors for the asbestos

minerals with selected high-dispersion index liquids. Tables 2-4 and 2-5 list selected optical

properties of several mineral and man-made fibers. All fibrous materials in amounts greater

than trace should be identified as asbestos or nonasbestos, with all optical properties

measured for asbestos and at least one optical property measured for each nonasbestos

fibrous component that will distinguish each from asbestos. Small fiber size and/or binder

may necessitate viewing the sample at higher magnification X400-500x) than routinely used

(lOOx).

Although it is not the purpose of this section to explain the principles of optical

mineralogy, some discussion of the determination of refractive indices is warranted due to its

importance to the proper identification of the asbestos minerals. Following is a brief

discussion of refractive index determination for the asbestos minerals.

All asbestos minerals are anisotropic, meaning that they exhibit different optical

properties (including indices of refraction) in different directions. All asbestos minerals are

biaxial, meaning that they have one principal refractive index parallel (or nearly parallel) to

the length of the fiber and two principal refractive indices (plus all intermediate indices

between these two) in the plane perpendicular (or nearly so) to the length of the fiber.

Although chrysotile (serpentine) is classified as a biaxial mineral, it behaves as a uniaxial

mineral (two principal refractive indices) due to its scrolled structure. Amosite and

crocidolite, although also biaxial, exhibit uniaxial properties due to twinning of the crystal

structure and/or random orientation of fibrils in a bundle around the long axis of the bundle.

For all of the asbestos minerals except crocidolite, the highest refractive index (7) is aligned

with the fiber length (positive sign of elongation). For crocidolite, the lowest refractive

index (a) is aligned with the fiber length {negative sign of elongation). A more complete

explanation of the relationship of refractive indices to the crystallographic directions of the

asbestos minerals may be found in References 1, 2, 4, 11 and 12. It should be noted that for

the measurement of refractive indices in an anisotropic particle (e.g. asbestos fibers), the

orientation of the particle is quite critical. Orientation with respect to rotation about the axis
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of the microscope (and thus with respect to the vibration directions of the polarizer and

analyzer) and also to the horizontal plane (plane of the microscope stage) will affect the

determination of the correct values for refractive indices. The refractive index that is

measured will always correspond to a direction perpendicular to the axis of the microscope

(i.e., lying in the plane of the stage) and is the direction in that horizontal plane parallel to

the vibration direction of the polarizer, by convention E-W.

To determine y(n ||) for chrysotile, anthophyllite and amosite, the index is measured

when the length of the fiber is aligned parallel to the vibration direction of the polarizer (E-

W). Under crossed polars, the fiber should be at extinction in this orientation. To

determine the lowest refractive index, a (n i ) , for chrysotile and amosite, the fiber should

be oriented N-S (extinction position under crossed polars). The determination of n || and nl

with crocidolite is accomplished in the same manner as with amosite and chrysotile with the

exception that the a and 7 directions are reversed. For crocidolite, o is measured at the E-

W position (parallel to the polarizer) and 7 is measured at the N-S orientation (perpendicular

to the polarizer). For anthophyllite, the fiber should be oriented N-S and the lowest and

highest indices for this orientation should be measured. These correspond to a and /3

respectively.

The extinction behavior of tremolite-actinolite is anomalous compared to that of most

monoclinic minerals due to the orientation of the optic axes relative to the-crystallographic

axes. This relationship is such that the refractive indices of the principal axes a and 7 are

not measured when the fiber is exhibiting the maximum extinction angle. The values

measured at these positions are a' and y. The fiber exhibits an extinction angle within a few

degrees of the maximum throughout most of its rotation. A wide range of refractive indices

from a' to a. and from •/ to 7, are observed. For tremolite-actinolite, 0 is measured on

those fibers displaying parallel extinction when oriented in the N-S position. The refractive

index for a is also measured when the fiber is oriented generally in the N-S position and

exhibits the true extinction angle; true a will be the minimum index. To determine the

refractive index for 7, the fibers should be oriented E-W and exhibit the true extinction

angle; true 7 will be the maximum value for this orientation.
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When viewing single fibers, the analyst may often be able to manipulate the microscope

slide cover slip and "roll" the fibers to positions that facilitate measuring the true values oJ

refractive indices. When viewing a large population of fibers with the microscope in the

dispersion staining mode, the analyst can easily detect fibers that exhibit the highest and

lowest indices 03 and a) in the N-S position and the highest indices <-y) in the E-W position.

Since individual asbestos fibrils cannot generally be resolved using polarized light

microscopy, refractive indices are most commonly measured on fiber bundles. Such

measurements would not result in true values for the indices and therefore by convention

should be reported as a1 and •/.

Asbestos types chrysotile, amosite and crocidolite are currently available as SRM 1866

and actinolite, tremolite and anthophyllite as SRM 1867 from the Office of Standard

Reference Materials, National Institute of Standards and Technology.

2.2.5.2.2 Quantitation of Asbestos Content

As described in Sections 2.1.5 and 2.1.6, a calibrated visual volume estimation of the

relative concentrations of asbestos and nonasbestos components should be made during the

stereomkroscopic examination. In addition, quantitation of asbestos content should be

performed on subsample slide mounts using calibrated visual area estimates and/or a point

counting procedure. Section 2.1.6 and Appendix C discuss the procedures for preparation

and use of calibration standards. After thorough PLM analysis in which the asbestos and

other components of the bulk material are identified, several slides should be carefully

prepared from randomly selected subsamples. If the sample is not homogeneous, some

homogenization procedure should be performed to ensure that slide preparations made from

small pinch samples are representative of the total sample. Homogenization may range from

gentle mixing using a mortar and pestle to a brief period of mixing using a blender equipped

with a mini-sample container. The homogenization should be of short duration (— 15

seconds) if using the blender technique so as to preclude a significant reduction in fiber size.

The use of large cover slips (22x30mm) allows for large subsamples to be analyzed. Each

slide should be checked to ensure that the subsample is representative, uniformly dispersed,

and loaded in a way so as not to be dominated by superimposed {overlapping) particles.
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During the qualitative analysis of the sample, the analyst should decide on the appropriate

optical system (including magnification) to maximize the visibility of the asbestos in the

sample while still allowing the asbestos to be uniquely distinguished from the matrix

materials. The analyst may choose to alter the mounting medium or the optical system to

enhance contrast. During the quantitative analysis, slides should be scanned using an optical

setup that yields the best visibility of the asbestos. Upon finding asbestos, the parameters

that were selected in the qualitative analysis for uniquely distinguishing it from the matrix

should be used for identification. These properties will vary with the sample but include any

or all of the parameters required for the qualitative analysis. For instance, low magnification

allows for concurrent use of dispersion staining (focal screening), but compromises resolution

of extremely small diameter fibers; use of a compensator plate and 'crossed polarizers

frequently enhances the contrast between asbestos fibers and matrix material.

Visual area estimates should be made by comparison of the sample to calibration

materials that have similar textures and fiber abundance (see Section 2.1.6 and Appendix C).

A minimum of three slide mounts should be examined to determine the asbestos content by

visual area estimation. Each slide should be scanned in its entirety and the relative

proportions of asbestos and nonasbestos noted. It is suggested that the ratio of asbestos to

nonasbestos material be recorded for several fields for each slide and the results be compared

to data derived from the analysis of calibration materials having similar textures and asbestos

content.

For point counting, an ocular reticle (cross-line or point array) should be used to visually

superimpose a point or points on the microscope field of view. The cross-line reticle is

preferred. Its use requires the scanning of most, if not all, of the slide area, thereby

minimizing bias that might result from lack of homogeneity in the slide preparation. In

conjunction with this reticle, a click-stop counting stage can be used to preclude introducing

bias during slide advancement. Magnification used will be dictated by fiber visibility. The

slide should be examined along multiple parallel traverses that adequately cover the sample

area. The analyst should score (count) only points directly over occupied (nonempty) areas.

Empty points should not be scored on the basis of the closest particle. If an asbestos fiber

and a nonasbestos particle overlap so that a point is superimposed on their visual intersection,
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a point should be scored for both categories. If the point(s) is/are superimposed on an area

which has several overlapping particles, the slide should be moved to another field. While

not including them in the total asbestos points counted, the analyst should record the presence"

of any asbestos detected but not lying under the reticle cross-line or array points. A

minimum of 400 counts (maximum of eight slides with 50 counts each to minimum of two

slides with 200 counts each) per sample is suggested, but it should be noted that accuracy

and precision improve with number of counts. Point counting provides a determination of

the projected area percent asbestos. Conversion of area percent to dry weight percent is not

feasible unless the specific gravities and relative volumes of the different materials are

known. It should be noted that the total amount of material to be analyzed is dependent on

the asbestos concentration, i.e. the lower the concentration of asbestos, the larger the amount

of sample that should be analyzed, in both the visual estimation and point counting methods.

Quantitation by either method is made more difficult by low asbestos concentration, small

fiber size, and presence of interfering materials.

It is suggested that asbestos concentration be reported as volume percent, weight percent

or area percent depending on the method of quantitation used. A weight-concentration

cannot be determined without knowing the relative specific gravities and volumes of the

sample components.
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TABLE 2-2. OPTICAL PROPfc.^POF ASBESTOS FIBERS

Mineral

Chrysotile
(asbestiform
serpentine)

Amosite
(asbestiform
grunerite)

Crocidolite
(asbestiform
riebeckite)

Anthophyllite-
asbestos

Tremolite-
Actinolite-

asbestos

Morphology and Color'

Wavy fibers. Fiber bundles have splayed
ends and "kinks". Aspect ratio typically
>10:1. Colorless'

Straight to curved, rigid fibers.
Aspect ratio typically >10:1.
Colorless to brown, nonpleochroic or weakly
so.4 Opaque inclusions may be present

Straight to curved, rigid fibers. Aspect ratio
typically > 10:1. Thick fibers and bundles
common, blue to dark-blue in color.
Pleochroic.

Straight to curved fibers and bundles.
Aspect ratio typically > 10:1. Anlhophyllite
cleavage fragments may be present with
aspect ratios < 10:1. Colorless to light
brown.

Straight to curved fibers and bundles.
Aspect ratio typically > 10:1. Cleavage
fragments may be present with aspect ratios
<10:1. Colorless to pale green

Refractive Indices'

a Y*

1.493-1.546 1.517-1.557
1.532-1.549 1.545-1.556
1.529-1.559 1.537-1.567
1.544-1.553 1.552-1.561

1.657-1.663 1.699-1.717
1.663-1.686 1.696-1.729
1.663-1.686 1.696-1.729
1.676-1.683 1.697-1.704

1.693 1.697
1.654-1.701 1.668-1.717
1.680-1.698 1.685-1.706

1.598-1.652 1.623-1.676
1.596-1,694 1.615-1.722
1.598-1.674 1.615-1.697
1.6148' 1.6362'

Tremolite
.600-1.628 1.625-1.655
.604-1.612 1.627-1.635
.599-1.612 1.625-1.637
.6063' 1.6343'

Actinolite
.600-1.628 1.625-1.655
.612-1.668 1.635-1.688

1.613-1.628 1.638-1.655
1.61267 1.63937

Birefringence*

0.004-0.017

0.021-0.054

0.003-0,022

0.013-0.028

0.017-0.028

0.017-0.028

Extinction

Parallel

Usually
parallel

Usually
parallel

Parallel

Parallel and
oblique (up to
21°); Composite
fibers show
parallel extinction.

Sign of Elongation

t
(length slow)

(length slow)

(length fast)

(length slow)

(length slow)

'Colors cited are seen by observation with plane polarized light

'From references 2,11,12, and 18, respectively. Refractive indices for n, at 589.3nm.

'Fibers subjected to heating may be brownish, (references 13,14, and 15)

'Fibers subjected to heating may be dark brown and pleochroic. (references 13,14, and 15)

*| to fiber length, except 1 to fiber length for crockJolite only.

'Maximum and minimum values from references 2,11,12, and 18 given.

'±0.0007 < - -



TABLE 2-3. TYPICAL CENTRAL STOP DISPERSION STAINING COLORS'

Mineral

Chrysotile

Amosite

Crocidolite

Anthophyllite-
asbestos

Tremolite-
asbestos

Actinolite-
asbestos

Cargille*
RI Liquid

I.550HD

I.6SO

1.680

I.605HD

1.605HD

1.605HD

1.630HD

n|

Magenta 10 light blue-green
V» ca. 520-620nm

Yellow to magenta
V* ca. 420-520nm

Yellow to magenta
Vs ca. 420-520nm

Pale yellow to yellow
Vs ca. 330-430nm

Pale yellow to yellow
Vs ca. 330-430nm

Pale yellow
Vs oa. 260-360nm

Yellow to magenta
Vs ca. 420-520nm

nl |

Blue-green to pale blue 1
V^ ca. 600-700nm

Blue magenta to light blue
Vs ca. 560-660nm

Pale yellow to golden yellow
Vs ca. 360-460nm

Golden yellow to light blue green
Vs ca. 460-700nm

Golden yellow io light blue green
•Vs ca. 460-700nm

Pale yellow to golden yellow
Vs ca. 360-460nm

Golden yellow to blue
Vs ca. 450-600nm

'Modified from reference 16

TABLE 2-4. OPTICAL PROPERTIES OF MAN-MADE TEXTILE FIBERS':

Fiber Type

Polyester (Dacron")

Polyamide (Nylon*)

Aramid (Kevlar*)

Olefin (Polyethylene)

Olefin (Polypropylene)

Viscose Rayon

Acetate

Acrylic (Orion*)

Modacrylic (Dynel®)

°B

1.710

1.582

= 2.37

1.556

1.520

1.535-1.555

1.478-1.480

1.505-1. 515

1.535

nl

1.535

1.514

= 1.641

1.512

1.495

1.515-1.535

1.473-1.476

1.507-1.517

1.532

nj - nl

0.175

0.063

0.729

0.044

0.025

0.020

0.004-0.005

0.004-0.002

0.002

Sign of
Elongation

+

+

+

+

+

+

+

-

+

'Modified from reference 17

'Refractive indices for specific fibers; other fibers may vary
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1
TABLE 2-5. OPTICAL PROPERTIES OF SELECTED FIBERS'

FIBER
TYPE

Paper (Cellulose)

Olefm
(polyethylene)

Brucile (nemalile)

Heated amoaile

Glass fibers.
Mineral wool

Wollastonitc

Fibrous lilc

MORPHOLOGY

Tapered, flat ribbons

Filaments or shredded
like chrysolite

Straight fibers

Similar to unheated,
(brittle and shorter)
pleochroic: n| -dirk brown
n 1 yellow

Exotic shapes, lear drops .
single filaments

Straight needles and lilades

Thin cleavage ribbons and
wavy fibers

REFRACTIVE
INDICES

n| - 1.580
ni - 1.530

n| - 1.556
nl - 1.512

n| - 1.560-1.590
nl - 1.580-1.600

n| andni > 1 .700"

1.515 -1.700

nl l.n.10
ni - 1.632
nl olio 1.610

n| - 1.60
nl - 1.54

BIREFRINGENCE
(n| -nl)

High (0.05)

Moderate (0.044)

Moderate
(0.012-0.020)

High(> 0.05)

luil conic

MiMleriitc to low
(O.OIS to 0.002)

High (0.06)

EXTINCTION
ANGLE

Parallel and
incomplete

Parallel

Usually parallel

Usuilly parallel

Parallel anil uliliquc

Parallel and oblique

SIGN OF
ELONGATION

+

+

occasionally +

+

+ and -

•f

DISPERSION STAINING
COLORS

in I.550HD
n | : yellow

(V < 400nm)
n 1 : pale blue

(X,'s > 700om)

in I.550HD
n| : yellow to migenU

(X,'s - 440-540nm)
n 1 : pale blue

(V« > 700nm)

in I.550HD
n| : golden yellow

(X,'s 440-460nm)
n 1 : yellow

(X/s 400-440nm)

in I.680HD
n| A ni : both pale

yellow to white
(V» < 400nm)

in 1 .5SOHD
usually pale blue lo blue
(V> 5*0 «> > 700nm)

in I.605HD
n| it nl : yellow lo pale

yellow
(V» < '*60nm)

in 1 .550HD
n| : pale yellow

(\.,"» <400nm)
n 1 : pale blue

(V's >660nm)

'From reference 19

'From references 13. 14. and 15



2.2.5.2.3 Microscope Alignment

In order to accurately measure the required optical properties, a properly aligned

polarized light microscope must be utilized. The microscope is aligned when:

1) the privileged directions of the substage polarizer and the analyzer are at 90° to one
another and are represented by the ocular cross-lines;

2) the compensator plate's privileged vibration directions are 45° to the privileged
directions of the polarizer and analyzer;

3) the objectives are centered with respect to stage rotation; and,

4) the substage condenser and iris diaphragm are centered in the optic axis.

Additionally, the accurate measurement of the refractive index of a substance requires the

use of calibrated refractive index liquids. These liquids should be calibrated regularly to an

accuracy of 0.004, with a temperature accuracy of 2°C using a refractometer or R.I. glass

beads.
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2.3 Gravimetry

2.3.1 Principle and Applicability

Many components of bulk building materials, specifically binder components, can be

selectively removed using appropriate solvents or, in the case of some organics, by ashing.

The removal of these components serves the following purposes:
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1) to isolate asbestos from the sample, allowing its weight to be determined;

2) to concentrate asbestos and therefore lower the detection l imi t in the total sample;

3) to aid in the detection and identification of fibrous components; and,

4) to remove organic (ashable) fibers which are optically similar to asbestos.

Common binder materials which are removed easily using the techniques described

include: 1) calcite, gypsum, magnesite, brucite, bassanite, portlandite, and dolomite, using

hydrochloric acid, and 2) vinyl, cellulose, and other organic components, by ashing. The

removal of the binder components results in a residue containing asbestos, if initially present,

and any other non-soluble or rion-ashable components which were present in the original

sample. Unless the procedures employed result in the loss of some asbestos, the weight

percent of the residue is the upper limit for the weight percent of asbestos in the sample.

This section describes the procedure for removing acid-soluble and ashable components,

and for determining the weight percent of the residue. However, the acid dissolution and

ashing techniques can be used without the accompanying weight measurements to either

liberate or clean fibers to aid in qualitative PLM or AEM analyses.

This technique is not an identification technique. Other methods, such as PLM, XRD, or

AEM must be used to determine the identity of the components. A description of the

suggested apparatus, reagents, etc. needed for the techniques described is included in

Appendix B.

2.3.2 Interferences

Any components which cannot by removed from the sample by selective dissolution or

ashing interfere with asbestos quantitation. These components include, but are not limited to,

many silicates (micas, glass fibers, etc.) and oxides (TiOj, magnetite, etc.). When interfering

phases are present (the residue contains other phases in addition to asbestos), other

techniques such as PLM, AEM, or XRD must be used to determine the percent of asbestos

in the residue.
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Care must be taken to prevent loss of or chemical/structural changes in the critical

components (asbestos). Prolonged exposure to acids or excessive healing (above 500°C) can

cause changes in the asbestos components in the sample and affect the optical properties.1""1

2.3.3 Quantitation

The weight of the residue remaining after solvent dissolution/ashing should be compared

with the original weight of the material. Presuming no insoluble material is lost, the weight

percent of the residue .is the upper limit for the amount of asbestos in the sample. If the

residue is comprised only of asbestos, then the weight percent of residue equals the weight

percent of asbestos in the sample. If the residue contains other phases, then techniques such

as PLM, XRD, or AEM must be employed to determine the relative abundance of asbestos

in the residue.

The precision and accuracy of the technique are dependent upon the homogeneity of the

material, the accuracy of the weight measurements, and the effectiveness of the sample

reduction and filtering procedures. In practice, the precision can be equal to ±1%, and the

accuracy at 1 wt% asbestos can be less than or equal to +.10% relative.

The incomplete solution of components and the presence of other nonasbestos components

in the residue contribute to producing a positive bias for the technique (falsely high

percentages of asbestos).

2.3.4 Preliminary Examination and Evaluation

Stereomicroscopic and PLM examinations of ihe sample should already have been

conducted prior to initiating this procedure. These examinations should have provided

.information about: 1) whether the sample contains components which can be removed by

acid-washing, solvent dissolution, or ashing, and 2) whether the sample contains asbestos, or

fibers that might be asbestos, or whether no asbestos was detected.

If the sample is friable and contains organic (ashable) components, the ashing procedure

should be followed. If the sample is friable and contains HCl-soluble components, the acid

dissolution procedure should be followed. If the sample is friable and contains both types of
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components, the two procedures can be applied, preferably with acid dissolution following

ashing.

If the sample is nonfriable (e.g. floor tiles), it is also recommended that the ashing

procedure be used first, followed by the acid dissolution procedure. The ashing procedure

reduces floor tiles to a material which is-easily powdered, simplifying the sample preparation

for acid dissolution.

2.3.5 Sample Preparation

2.3.5.1 Drying

Any moisture in the sample will affect the weight measurements, producing falsely low

percentages of residue. If the"sample is obviously wet, it should be dried at low temperature

(using a heat lamp, or simply by exposure at ambient conditions, prior to starting the

weighing procedure). If an oven is used, the drying temperature should not-exceed 60°C.

Drying by means of heat lamp or ambient air must be performed within a safety-filtered

hood. Even if the sample appears dry, it can contain enough moisture to affect the precision

and accuracy of the technique. The test for sample moisture involves placing the amount o«j|

sample to be used on the weighing pan; if the weight remains stable with time, then the

sample is dry enough. If the weight decreases as the sample sits on the weighing pan, then

the sample should be dried. Where conditions of moderate to high humidity are kjiown to

exist, all materials to be weighed should be allowed time to stabilize to these ambient

conditions.

2.3.5.2 Homogenization/Grain Size Reduction

To increase the accuracy and precision of the acid dissolution technique, the sample

should be homogenized prior to analysis. This reduces the grain size of the binder material

and releases it from fiber bundles so that it may be dissolved in a shorter time period.

Leaving the sample in the acid for a longer period of time to complete the dissolution process

can adversely affect the asbestos components, and is not recommended. Homogenization of

the sample also ensures that any material removed for analysis will more likely be

representative of the entire sample.
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Homogenization of friable samples prior lo ashing may also accelerate the ashing process;

however, the ashing time can simply be increased without affecting the asbestos in the

sample. Nonfriable samples, such as vinyl floor tiles, can be broken or shaved into pieces to

increase surface area and accelerate the ashing process.

Homogenization and grain size reduction can be accomplished in a variety of ways: 1)

hand grinding in a mortar and pestle; 2) crushing with pliers or similar instrument; 3) mixing

in a blender; 4) milling (i.e. Wylie mill, cryomill, etc.); or 5) any other technique which

seems suitable. If the fibers are extremely long, a pair of scissors or similar implement can

be used to reduce the fiber length.

2.3.6 Procedure for Ashing

1) Weigh appropriate amount of material.

There is no restriction on the maximum weight of material used; however, a large
amount of material may take longer lo ash. Enough material should be used to avoid
a significant contribution of weighing errors to the total accuracy and precision.

2) Place material in crucible, weigh, and cover with lid.

Placing a lid on the crucible both minimizes the amount of oxygen available, slowing
the rate of combustion of the sample, and prevents any foreign material from falling
into the crucible during ashing.

3) Place crucible into furnace, and ash for at least 6 hours.

The furnace temperature at the sample position should be at least 300°C but should
not exceed 500°C. If the sample combusts (burns), the temperature of the sample
may exceed 500°C. Chrysotile will decompose above approximately 500°C.

The furnace area should be well-ventilated and the fumes produced by ashing should
be exhausted outside the building.

The ashing time is dependent on the furnace temperature, the amount of sample, and
the surface area (grain size). Six hours at 450°C is usually sufficient.

4) Remove crucible from furnace, allow contents to adjust to room temperature
and humidity, and weigh.
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5) Divide residue weight by starting weight and multiply by 100 to determine
weight % residue.

6) Analyze residue and/or proceed to acid dissolution procedure.

If the objective was to remove organic fibers that may be confused optically with
asbestos, examine residue with PLM to determine whether any fibers remain.

If the sample is a floor tile, the acid dissolution procedure must now be performed.
The residue does not have to be analyzed at this stage.

2.3.7 Use of Solvents for Removal of Organics

Solvent dissolution may be used as a substitute for low temperature ashing for the

purpose of removing organic interferences from bulk building materials. However, solvent

dissolution, because of the involvement of potentially hazardous reagents such as

tetrahydrofuran, amyl acetate, 1-1-1, trichlorethane, etc., requires that all work be

performed with extreme caution inside a biohazard hood. Material Safety Data Sheets

should be reviewed before using any solvent. Solvent dissolution involves more apparatus

than does ashing, and requires more time, mainly due to set-up and slow filtration resulting

from viscous solvent/residue mixtures.

The following is a brief description of the solvent dissolution process.

1) Weigh starling material.

Place approximately 15-25ml of solvent in a 100ml beaker. Add 2.5-3.0 grams
(carefully weighed for continued gravimetric tracking) of powdered sample.

2) Untrasonicate sample.

Place the beaker in an ultrasonic bath (or ultrasonic stirrer) for approximately 0.5
hours. The sample containers should be covered to preclude escape of an aerosol
spray.

3) Centrifuge sample.

Weigh centrifuge vial before adding beaker ingredients. Wash beaker with an
additional 10-15ml of solvent to remove any remaining concentrate. Then centrifuge
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at approximately 2000-2500 rpm for 0.5 hour. Use solvent-resistant centrifuge
tubes.

4) Decant sample, reweigh.

After separation by centrifuging, decant solvent by pipetting. Leave a small amount
of solvent in the centrifuge via] to minimize the risk of decanting solid concentrate.
Allow solid concentrate to dry in vial, then reweigh.

2.3.8 Procedure for Acid Dissolution

1) Weigh starting material, transfer to acid resistant container.

Small, dry sample weights between 0.Ig and 0.5g are recommended (determined for
47mm filters - adjust amount if different diameter filters are used). If too much
material is left after acid dissolution the filter can get clogged and prevent complete
filtration. Very small samples are also to be avoided, as the weighing errors will
have a large effect on the total accuracy and precision of the technique.

2) Weigh filter.

3) Add HCI to sample in container, stir, allow to sit for 2-10 minutes.

Either concentrated or dilute HC1 can be used. If concentrated HC1 is used, add
enough acid to completely soak the material, allow the reaction to proceed to
completion, and then dilute with distilled water. Alternatively, a dilute solution,
made by adding concentrated HC1 to distilled water, can be used in. the place of
concentrated HC1. A solution of 1 pan concentrated HCI to 3 parts distilled water
(approximately 3N solution) has been found to be qui te effective in removing
components within 5 minutes. For a sample size less than 0.5g, 20-30 ml of a 3N
HCI solution is appropriate. In either case (using concentrated or dilute HCI), the
reaction will be more effective if the sample has been homogenized first. All
obvious signs of reaction (bubbling) should cease before the sample is filtered. Add
fresh acid, a ml or two at a time, to ensure complete reaction. It should be noted
that if dolomite is present, a 15-20 minute exposure to concentrated HCI may be.
required to completely dissolve the carbonate materials.

NOTE: Other solvents may be useful for selective dissolution of nonasbestos
components. For example, acetic acid will dissolve calcite, and will not dissolve
asbestos minerals. If any solvent other than hydrochloric acid is used for the
dissolution of inorganic components, the laboratory must be able to demonstrate that
the solvent does not remove asbestos from the sample.
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4) Filler solution.

Use the pre-weighed filter. Pour the solution into the vacuum filter assembly, then
rinse all material from container into filter assembly. Rinse down the inside walls of
the glass filter basin and check for particles clinging to the basin after removal.

5) Weigh dried filter + residue, subtract weight of filter from total.

6) Divide residue weight by starting weight and multiply by 100 to determine
weight% residue.

7) Analyze residue.

Perform stereomicroscopic examination of residue (can be performed without
removing the residue from the filter). Note in particular whether any binder material
is still present.

Perform PLM, AEM, or XRD analysis of residue to identify fibers and determine
concentration as described in the appropriate sections of this method.

8) Modify procedure if necessary.

If removal of the acid soluble components was not complete, start with a new
isubsample of material and try any of the following:

a) Decrease grain size of material (by grinding, mi l l ing , etc.)
b) Put solutions on hot plate - warm slightly
c) Increase soak time (exercise caution)

9) Calculate relative weight% asbestos in sample.

wt% asbestos in sample = % asbestos in residue x wt% residue -r- 100

For floor tiles, if the ashing procedure was used first, multiply the weight % of
asbestos in the sample, as determined above, by the weight percent of the residue
from the ashing procedure, then divide by 100.

Example:
A = wt% residue from ashing = 70%
B = wt% residue from HC1 = 20%
C = wt% of asbestos in HC1 residue = "50%

wt% asbestos after HC1 dissolution = B x C + 100 = 20 x 50 * 100 = 10%

30

^ ' ' •̂ -'•"•/•4^^
~--:;.>\^V_r:^^f*:..T?^T.^;'>>-i^^



wt% asbestos in floor tile = (B x C + 100) x A + 100 = 10 x 70 + 100 = 7%

If weights are expressed in decimal form, mult iply the weight % of asbestos in the
sample by the weight % of the residue from the ashing procedure, then multiply by
100.

wt% asbestos after HC1 dissolution = B x C = 0.2 x 0.5 = 0.1 (x 100 = 10%)

wt% asbestos in floor tile = (B x C) x A = 0.1 x 0.7 = 0.07 (x 100 = 7%)

2.3.9 Determination of Optimal Precision and Accuracy

The precision of the technique can be determined by extracting mul t ip l e subsamples from

the original sample and applying the same procedure to each. The optima] accuracy of the

technique can be determined by applying gravimetric standards. Mixtures of calcite and

asbestos (chrysotile, amosite, etc.) in the following proportions are recommended for testing

the accuracy of the acid dissolution technique: 0.1 wt% asbesios/99.9 wt% calcite, 1.0 wt%

asbestos/99.0 wt% calcite, and 10 wt% asbestos/90 wt% calcite. Mixtures of cellulose and

asbestos are useful for testing the accuracy of the ashing technique.

Mixtures of only two components, as described above, are simplifications of "real-world"

samples. The accuracy determined by analyzing these mixtures is considered optimal and

may not apply directly to the measurement of each unknown sample. However, analyzing

replicates and standards using the full laboratory procedure, including homogenization,

ashing, acid dissolution, fil tration, and weighing, may uncover steps that introduce significant

bias or variation that the laboratory may then correct.

2.3.10 References

1. Kressler, J. R., "Changes in Optical Properties of Chrysotile During Acid
Leaching", The Microscope, 31, 1983, pp. 165-172.

2. Prentice, J. and M. Keech, "Alteration of Asbestos with Heat", Microscopy and
Analysis, March 1989.

3. Laughlin, G. and W. C. McCrone, "The Effect of Heat on the Microscopical
Properties of Asbestos", The Microscope, 37, 1989, pp. 8-15.
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2.4 X-Ray Powder Diffraction

2.4.1 Principle and Applicability

The principle of x-ray powder diffraction (XRD) analysis is well established.1-2 Any

solid crystalline material will diffract an incident beam of parallel, monochromatic x-rays

whenever Bragg's Law,

X = 2d sin 6,

is satisfied for a particular set of planes in the crystal lattice, where

X = the x-ray wavelength, A;
d = the interplanar spacings of the set of reflecting lattice planes, A and
8 = the angle of incidence between the x-ray beam and the reflecting lattice planes.

By appropriate orientation of a sample relative to the incident x-ray beam, a diffraction

pattern can be generated that will be uniquely characteristic of the structure of the crystalline

phases present.

Unlike optical methods of analysis, however, XRD cannot determine crystal morphology

Therefore, in asbestos analysis, XRD does not distinguish between fibrous and nonfibrous "

forms of the serpentine and amphibole minerals (Table 2-6). However, when used in

conjunction with methods such as PLM or AEM, XRD techniques can provide a reliable

analytical method for the identification and characterization of asbestiform minerals in bulk

materials.

For qualitative analysis by XRD methods, samples should initially be scanned over

limited diagnostic peak regions for the serpentine (-7.4 A) and amphibole (8.2-8.5 A)

minerals (Table 2-7). Standard slow-scanning methods for bulk sample analysis may be used

for materials shown by PLM to contain significant amounts of asbestos (>5 percent).

Detection of minor or trace amounts of asbestos may require special sample preparation and

step-scanning analysis. All samples that exhibit diffraction peaks in the diagnostic regions

for asbestiform minerals should be submitted to a full (5°-60° 28; 1° 20/min) qualitative

XRD scan, and their diffraction patterns should be compared with standard reference powder
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diffraction patterns3 to verify initial peak assignments and to ident ify possible matrix

interferences when subsequent quantitative analysis will be performed.

Accurate quantitative analysis of asbestos in bulk samples by XRD is critically

dependent on particle size distribution, crystallite size, preferred orientation and matrix

absorption effects, and comparability of standard reference and sample materials. The most

intense diffraction peak that has been shown to be free from interference by prior qualitative

XRD analysis should be selected for quanlitation of each asbestiform mineral. A "thin-layer"

method of analysis3-6 can be used in which, subsequent to comminution of the bulk material

to -10 nm by suitable cryogenic milling techniques, an accurately known amount of the

sample is deposited on a silver membrane filter. The mass of asbestiform material is

determined by measuring the integrated area of the selected diffraction peak using a step-

scanning mode, correcting for matrix absorption effects, and comparing with suitable

calibration standards. Alternative "thick-layer" or bulk methods7/ are commonly used for

semi-quantitative analysis.
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TABLE 2-6. THE ASBESTOS MINERALS AND THEIR
NONASBESTIFORM ANALOGS

Asbestiform

Serpentine

Chrysolile

Amphibole

Anthophyllite asbestos
Cummingtonite-grunerite

asbestos (Amosite)
Crocidolite
Tremolite asbestos
Actinolite asbestos

Nonasbestiform

Antigorite. liurdite

Antbophyllite
Cummingtonite-

grunerite
Riebeckite
Tremolite
Actinolite

Chemical Abstract
Service No.

12001-29-5

77536-67-5

12172-73-5
12001-28-4
77536-68-6
77536-66-4

TABLE 2-7. PRINCIPAL LATTICE SPACINGS OF ASBESTIFORM MINERALS'

Minerals

Chrysotile (Serpentine)

Amosite (Grunerite)

Anlhophyllite

Crocidolite (Riebeckite)
-

Aciinolite

Tremolite

Principal d-spacings (A)
and relative intensities

7-31.W
7-36,00
7.IO, ro

8-33ia,
R 1">0---IOO

3-05,00
306100

8-35,00
8-40,00

2.72ICO

8-3810o
2.706,00

3-13,00

3.65,,,
3.66M

2.33W

3-06,,,
3.060,5

•> 04->--^to
8.33,,

3.10H

3.12M

2-54,»

3.12,«,
3.14,,

2.706W

4.57W

2.45,,
3.55-0

2.756,
3.25-,

8.26«
3.23N

2.720J3

2.726^

3.40,o

2.705*,
8.43«
8.44,0

JCPDS
Powder diffraction file:

number

21-543'
25-645
22-1162 (theoretical)

17-745 (non fibrous)
27-1170(UlCC)

9-455
16-401 (synthetic)

27-1415 (UICC)
19-1061

25-157

13-4373

20- 13 10' (synthetic)
23-666 (synthetic mixture

w/richterite)

1. This information is intended as a guide only. Complete powder diffraction data, including
mineral type and source, should be referred to ensure comparability of sample and reference
materials where possible. Additional precision XRD data on imosite, -crocidolite, tremolite and
chrysotile are available from the U.S. Bureau of Mines, Reference 4.

2. From Reference 3

3. Fibrosity questionable
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This XRD method is applicable as a confirmatory method for identification and

quantitation of asbestos in bulk material samples that have undergone prior analysis by PLM

or other optical methods.

2.4.2 Range and Sensitivity

The range and sensitivity of the method have not been determined. They will be variable

and dependent upon many factors, including matrix effects (absorption and interferences),

diagnostic reflections selected and their relative intensities, preferred orientation, and

instrumental limitations. A detection limit of one percent is feasible given certain sample

characteristics.

2.4.3 Limitations

2.4.3.1 Interferences

Since the asbestiform and nonasbestiform analogs of the serpentine and amphibole

minerals (Table 2-7) are indistinguishable by XRD techniques unless special sample

preparation techniques and instrumentation are used,9 the presence of nonasbestiform

serpentines and amphiboles in a sample will pose severe interference problems in the

identification and quantitative analysis of their asbestiform analogs.

The use of XRD for identification and quanti ta t ion of asbestiform minerals in bulk

samples may also be limited by the presence of other interfering materials in the sample.

For naturally-occurring materials, the commonly associated asbestos-related mineral

interferences can usually be anticipated. However, for fabricated materials, the nature of the

interferences may vary greatly (Table 2-8) and present more serious problems in

identification and quantitation.10 Potential interferences are summarized in Table 2-9 and

include the following:

• Chlorite has major peaks at 7.19 A and 3.58 A that interfere with both the primary
(7.31 A) and secondary (3.65 A) peaks for serpentine (chrysotile). Resolution of the
primary peak to give good quantitative results may be possible when a step-scanning
mode of operation is employed.

• Vermiculite has secondary peaks at 7.14 A and 3.56 A that could interfere with the
primary peak (7.31 A) and a secondary peak (3.65 A) of serpentine (chrysotile).
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TAKLE 2-8. COMMON CONSTITUENTS IN HUILDING MATERIAL
(From Rcf. 10)

A. Insulation Materials

Chrysotilc
Aniosite
Crocidolitc

*Rock wool
*Slag wool
* Fiber glass
Gypsum (CaSO4 - 2HjO)
Vermiculite (micas)

•Perlite
Clays (kaolin)

•Wood pulp
'Paper fibers (talc, clay

carbonate filters)
Calcium silicates (synthetic)
Opaques (cbromile, magnetite

inclusions in serpentine)
Hematite (inclusions in "amosite")
Magncsite

•Diatomaceous earth

ft. Flooring Materials

Calcitc
Dolomite
Titanium Oxide
Quartz
Antigorite
Chrysotile
Antbophyllite

Tremolite
•Organic binders
Talc
Wollastonite

C. Spray Finishes or Paints

Bassanitc
GirlKMiatc minerals (calcitc,

dolomite, vatcritc)
Talc
Tremolite
Amhophyllite
Serpentine (including chrysolite)
Amosite
Crocidolitc

'Mineral wool
•Rock wool
•Slag wool
•Fiber glass
Clays (kaolin)
Micas
Chlorite
Gypsum
Ouart/

'Orgnnic binders and thickeners
Hydromagncsitc
WollHStonilc
Opaques (cbromitc, magnetite

inclusion in serpentine)
lleniii l i le (inclusions in "amosilc")

D. Cementitious Materials

Chrysotile
Amosite
Crocidolilc
Micas
Fiber glass
Cellulose
Animal hair
Quartz
Gypsum
Calcite
Dolomite
Calcium silicates

E. Roofing Materials

Chrysotilc
Cellulose.
Fil>cr glass
Mineral Wool
Asphalt
Quartz
Talc
Micas

* Amorphous materials-contribute only to overall scattered radiation and increased background radiation.

••.•I--*-': ! < • . .M;8:



TABLE 2-9 INTERFERENCES IN XRD ANALYSIS OF
ASBESTIFORM MINERALS

Asbestiform
Mineral

Primary diagnostic
peaks (approximate
d spacings in A)

Interference

Serpentine
Chrysotile

7.3

3.7

Nonasbestiform serpentines, (antigorite,
lizardite), chlorite, vermiculi te, sepiolite,
kaolinite, gypsum

Nonasbestiform serpentines (antigorite,
lizardite), chlorite, vermiculite, halloysite,
cellulose

Amphibole
Amosite (Grunerite)
Anthophyllite
Crocidolite

(Riebeckite)
Tremolite
Actinolite

3.1

8.3

Nonasbestiform amphiboles (grunerite-
cummingtoni te , anthopliyll i te, riebeckite,
tremolite), mu tua l interferences, talc,
carbonates

Nonasbestiform amphiboles (grunerite-
cummingtonite , anthophyllite, r iebeckite,
tremolite), mutua l interferences

SepSoIite produces a peak at 7.47 A which could interfere with the primary peak
(7.31 A) of serpentine (chrysotile).

Halloysite has a peak at 3.63 A that interferes wi th the secondary (3.65 A) peak for
serpentine (chrysotile).

Kaolinite has a major peak at 7.15 A that may interfere with the primary peak of
serpentine (chrysotile) at 7.31 A when present at concentrations of > 10 percent.
However, the secondary serpentine (chrysotile) peak at 3.65 A may be used for
quantitation.

Gypsum has a major peak at 7.5 A that overlaps the 7.31 A peak of serpentine
(chrysotile) when present as a major sample constituent. This may be removed by
careful washing with distilled water, or by heating to 300°C to convert gypsum to
plaster of pans (bassanite).

Cellulose has a broad peak that partially overlaps the secondary (3.65 A) serpentine
(chrysotile) peak.8
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Overlap of major diagnostic peaks of the amphibole minerals, grunerite (amosite),
anthophyllite, riebeckite (crocidolite), and tremolite, at approximately 8.3 A and 3.i '
A causes mutual interference when these minerals occur in the presence of one
another. In some instances adequate resolution may be attained by using step-
scanning methods and/or by decreasing the collimaior slit width at the x-ray port.

Carbonates may also interfere with quantitative analysis of the amphibole minerals
grunerite (amosite), anthophyllite, riebeckite (crocidolite), and tremolite-actinolite.
Cakium carbonate (CaC03) has a peak at 3.035 A that overlaps major amphibole
peaks at approximately 3.1 A when present in concentrations of >5 percent.
Removal of carbonates with a dilute acid wash is possible; however, the time in acid
should be no more than 20 minutes to preclude any loss of chrysotile."

A major talc peak at 3.12 A interferes with the primary tremolite peak at this same
position and with secondary peaks of actinolite (3.14 A), riebeckite (crocidolite) (3.10
A), grunerite (amosite) (3.06 A), and anthophyllite (3.05 A). In the presence of talc,
the major diagnostic peak at approximately 8.3 A should be used for quamitation of
these asbestiform minerals.

The problem of intraspecies and matrix interference is further aggravated by the

variability of the silicate mineral powder diffraction patterns themselves, which often makes

definitive identification of the asbestos minerals by-comparison with standard reference

diffraction patterns difficult. This variability results from alterations in the crystal lattice

associated with differences in isomorphous substitution and degree of crysiallinity. This is

especially true for the amphiboles. These minerals exhibit a wide variety of very similar

chemical compositions, resulting in diffraction patterns characterized by having major (110)

reflections of the monoclinic amphiboles and (210) reflections of orthorhombic anthophyllite

separated by less than 0.2 A.12

2.4.3.2 Matrix Effects

If a copper x-ray source is used, the presence of iron at high concentrations in a sample

will result in significant x-ray fluorescence, leading to loss of peak intensity, increased

background intensity, and an overall decrease in sensitivity. This situation may be corrected

by use of an x-ray source other than copper; however, this is often accompanied both by loss

of intensity and by decreased resolution of closely spaced reflections. Alternatively, use of a
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diffracted beam monochromator will reduce background fluorescent radiation, enabling

weaker diffraction peaks to be detected.

X-ray absorption by the sample matrix will result in overall attenuation of the diffracted

beam and may seriously interfere with quantitative analysis. Absorption effects may be

minimized by using sufficiently "thin" samples for analysis.5-13-14 However, unless absorption

effects are known to be the same for both samples and standards, appropriate corrections

should be made by referencing diagnostic peak areas to an internal standard7-8 or filter

substrate (Ag) peak.5-6

2.4.3.3 Particle Size Dependence

Because the intensity of diffracted x-radiation is particle-size dependent, it is essential for

accurate quantitative analysis that both sample and standard reference materials have similar

particle size distributions. The optimum particle size (i.e., fiber length) range for

quantitative analysis of asbestos by XRD has been reported to be 1 to 10 /im.15

Comparability of sample and standard reference material particle size distributions should be

verified by optical microscopy (or another suitable method) prior to analysis.

2.4.3.4 Preferred Orientation Effects

Preferred orientation of asbestiform minerals during sample preparation often poses a

serious problem in quantitative analysis by XRD. A number of techniques have been

developed for reducing preferred orientation effects in "thick layer" samples.™-15 For "thin"

samples on membrane filters, the preferred orientation effects seem to be both reproducible

and favorable to enhancement of the principal diagnostic reflections of asbestos minerals,

actually increasing the overall sensitivity of the method.I2-M However, further investigation

into preferred orientation effects in both thin layer and bulk samples is required.

2.4.3.5 Lack of Suitably Characterized Standard Materials

The problem of obtaining and characterizing suitable reference materials for asbestos

analysis is clearly recognized. The National Institute of Standards and Technology can
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provide standard reference materials for chrysotile, amosite and crocidolite <SRM 1"866)

anthophyllite, tremolite and aciinolite (SRM 1867).

In addition, the problem of ensuring the comparability of standard reference and sample

materials, particularly regarding crystallite size, particle size distribution, and degree of

crystallinity, has yet to be adequately addressed. For example, Langer et al." have observed

that in insulating matrices, chrysotile tends to break open into bundles more frequently than

amphiboles. This results in a line-broadening effect with a resultant decrease in sensitivity.

Unless this effect is the same for both standard and sample materials, the amount of

chrysotile in the sample will be under-estimated by XRD analysis. To minimize this

problem, it is recommended that standardized matrix reduction procedures be used for both

sample and standard materials.

2.4.4 Precision and Accuracy

Neither the precision nor accuracy of this method has been determined. The individual

laboratory should obtain or prepare a set of calibration materials containing a range of

asbestos weight percent concentrations in combination with a variety of matrix/binder

materials. Calibration curves may be constructed for use in semi-quantitative analysis of.

bulk materials.

2.4.5 Procedure

2.4.5.1 Sampling

Samples taken for analysis of asbestos content should be collected as specified by EPA"

2.4.5.2 Analysis

All samples must be analyzed initially for asbestos content by PLM. XRD may be used

as an additional technique, both for identification and quantitation of sample components.

Note: Asbestos is a toxic substance. All handling of dry materials should be performed

in a safety-hood.
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2.4.5.2.1 Sample Preparation

The method of sample preparation required for XRD analysis will depend on: (1) the

condition of the sample received (sample size, homogeneity, particle size distribution, and

overall composition as determined by PLM); and (2) the type of XRD analysis to be

performed (qualitative or quantitative; thin-layer or bulk).

Bulk materials are usually received as heterogeneous mixtures of complex composition

with very wide particle size distributions. Preparation of a homogeneous, representative

sample from asbestos-containing materials is particularly difficult because the fibrous nature

of the asbestos minerals inhibits mechanical mixing and stirring, and because milling

procedures may cause adverse lattice alterations. . : • • .

A discussion of specific matrix reduction procedures is given below. Complete methods

of sample preparation are detailed in Sections 2.4.5.3 and 2.4.5.4. Note: AH samples

should be examined microscopically before and after each matrix reduction step to

monitor changes in sample particle size distribution, composition, and crystallinity, and

to ensure sample representativeness and homogeneity for analysis.

2.4.5.2.2 Milling

Mechanical milling of asbestos materials has been shown to decrease fiber crystallinity,

with a resultant decrease in diffraction intensity of the specimen; the degree" of lattice

alteration is related to the duration and type of mi l l ing process.20"" Therefore, all mi l l ing

times should be kept to a min imum.

For qualitative analysis, particle size is not usually of critical importance and initial

characterization of the material with a minimum of matrix reduction is often desirable to

document the composition of the sample as received. Bulk samples of very large particle

size (>2-3 mm) should be comminuted to - 100 ̂ m. A mortar and pestle can sometimes be

used in size reduction of soft or loosely bound materials though this may cause matting of.

some samples. Such samples may be reduced by cutting with a razor blade in a mortar, or

by grinding in a suitable mill (e.g., a microhammer mill or equivalent). When using a

mortar for grinding or cutting, the sample should be moistened with ethanol, or some other
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suitable wetting agent, to minimize exposure, and the procedure should be performed in a

HEPA-filtered hood.

For accurate, reproducible quantitative analysis, the particle size of both sample and

standard materials should be reduced to ~ 10 ^m . Dry ball milling at l iquid nitrogen

temperatures (e.g., Spex Freezer Mill", or equivalent) for a maximum time of 10 minutes

<some samples may require much shorter milling time) is recommended to obtain satisfactory

particle size distributions while protecting the integrity of the crystal lattice.5 Bulk samples

of very large particle size may require grinding in two stages for full matrix reduction to

<10/*m.M6

Final particle size distributions should always be verifved by optical microscopy or

another suitable method.

2.4.5.2.3 Ashing

For materials shown by PLM to contain large amounts of cellulose or other organic

materials, it may be desirable to ash prior to analysis to reduce background radiation or

matrix interference. Since chrysotile undergoes dehydroxylation at temperatures between

550°C and 650°C, with subsequent transformation to forsterite,34-" ashing temperatures

should be kept below 500°C. Use of a muffle furnace is recommended. In all cases,

calibration of the furnace is essential to ensure that a maximum ashing temperature of 500°C

is not exceeded (see Section 2.3).

2.4.5.2.4 Acid Washing

Because of the interference caused by gypsum and some carbonates in the detection of

asbestiform minerals by XRD (see Section 2.4.3.1), it may be necessary to remove these

interferences by a simple acid washing procedure prior to analysis (see "Section 2.3).

2.4.5.3 Qualitative Analysis

2.4.5.3.1 Initial Screening of Bulk Material

Qualitative analysis should be performed on a representative, homogeneous portion of the

sample, with a minimum of sample treatment, using the following procedure:
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1. Grind and mix the sample with a mortar and pestle (or equivalent method, see Section
2.4.5.2.2) to a final particle size sufficiently small (~ 100 /im) to allow adequate
packing into a sample holder.

2. Pack sample into a standard bulk sample holder. Care should be taken to ensure that
a representative portion of the milled sample is selected for analysis. Particular care
should be taken to avoid possible size segregation of the sample. (Note: Use of
back-packing method" for bulk sample preparation may reduce preferred
orientation effects.)

3. Mount the sample on the diffractometer and scan over the diagnostic peak regions for
the serpentine (-7.4 A) and amphibole (8.2-8.5 A) minerals (see Table 2-7). The x-
ray diffraction equipment should be optimized for intensity. A slow scanning speed
of 1° 20/min is recommended for adequate resolution. Use of a sample spinner is
recommended.

4. Submit all samples that exhibit diffraction peaks in the diagnostic regions for
asbestiform minerals to a full qualitative XRD scan (5°-60° 26; 1° 20/min) to verify
initial peak assignments and to identify potential matrix interferences when subsequent
quantitative analysis is to be performed.

5. Compare the sample XRD pattern with standard reference powder diffraction patterns
(i.e., JCPDS powder diffraction data3 or those of other well-characterized reference
materials). Principal lattice spacings of asbestiform minerals are given in Table 2-7;
common constituents of bulk insulation and wall materials are listed in Table 2-8.

2.4.5.3.2 Detection of Minor or Trace Constituents

Routine screening of bulk materials by XRD may fail to detect small concentrations

(< 1%) of asbestos. The limits of detection will , in general, be improved if matrix

absorption effects are minimized, and if the sample particle size is reduced to the optimal 1

to 10 /xm range, provided that the crystal lattice is not degraded in the milling process.

Therefore, in those instances when confirmation of the presence of an asbesiiform mineral at

very low levels is required, or where a negative result from initial screening of the bulk

material by XRD (see Section 2.4.5.3.1) is in conflict with previous PLM results, it may be

desirable to prepare the sample as described for quantitative analysis (see Section 2.4.5.4)

and step-scan over appropriate 26 ranges of selected diagnostic peaks (Table 2-7). Accurate

43



transfer of the sample to the silver membrane filter is not necessary unless subsequent

quantitative analysis is to be performed.

2.4.5.4 Quantitative Analysis

The proposed method for quantitation of asbestos in bulk samples is a modification of the

NIOSH-recommended thin-layer method for chrysotile in air.6 A thick-layer bulk method

involving pelletizing the sample may be used for semi-quantitative analysis;7 * however, this

method requires the addition of an internal standard, use of a specially fabricated sample

press, and relatively large amounts of standard reference materials. Additional research is

required to evaluate the comparability of thin- and thick-layer methods for quantitative

asbestos analysis.

For quantitative analysis by thin-layer methods, the following procedure is recommended:

1. Mill and size all or a substantial representative portion of the sample as outlined in
Section 2.4.5.2.2.

2. Dry at 60°C for 2 hours; cool in a desiccator.

3. Weigh accurately to the nearest 0.01 mg.

4. Samples shown by PLM to contain large amounts of cellulosic or other organic
materials, gypsum, or carbonates, should be submitted to appropriate matrix
reduction procedures described in Sections 2.4.5.2.3 and 2.4.5.2.4. After ashing
and/or acid treatment, repeat the drying and weighing procedures described above,
and determine the percent weight loss, L.

5. Quantitatively transfer an accurately weighed amount (50-100 mg) of the sample to a
1-L volumetric flask containing approximately 200 mL isopropanol to which 3 to 4
drops of surfactant have been added.

6. Ultrasonicate for 10 minutes at a power density of approximately 0.1 W/mL, to
disperse the sample material.

7. Dilute to volume with isopropanol.

8. Place flask on a magnetic-stirring plate. Stir.

9. Place silver membrane filter on the filtration apparatus, apply a vacuum, and attach
the reservoir. Release the vacuum and add several milliliters of isopropanol to the
reservoir. Vigorously hand shake the asbestos suspension and immediately withdraw
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an aliquot from the center of the suspension so that total sample weight, WT> on the
filter will be approximately 1 mg. Do not adjust the volume in the pipet by
expelling part of the suspension; if more than the desired aliquot is withdrawn,
discard the aliquot and repeat the procedure with a clean pipet. Transfer the aliquot
to the reservoir. Filter rapidly under vacuum. Do not wash the reservoir walls.
Leave the filter apparatus under vacuum until dry. Remove the reservoir, release
the vacuum, and remove the filter with forceps. (Note: Water-soluble matrix
interferences such as gypsum may be removed at this time by careful washing of the
filtrate with distilled water. Extreme care should be taken not to disturb the sample.)

10. Attach the filter to a flat holder with a suitable adhesive and place on the
diffraclometer. Use of a sample spinner is recommended.

11. For each asbestos mineral to be quantitated, select a reflection (or reflections) that
has (have) been shown to be free from interferences by prior PLM or qualitative
XRD analysis and that can be used unambiguously as an index of the amount of
material present in the sample (see Table 2-7).

12. Analyze the selected diagnostic reflection(s) by step-scanning in increments of 0.02°
20 for an appropriate fixed time and integrating the counts. (A fixed count scan may
be used alternatively; however, the method chosen should be used consistently for all
samples and standards.) An appropriate scanning interval should be selected for
each peak, and background corrections made. For a fixed time scan, measure the
background on each side of the peak for one-half the peak-scanning time. The net
intensity, Im, is the difference between the peak integrated count and the total
background count.

13. Determine the net count, IAg, of the filter 2.36 A silver peak following the
procedure in step 12. Remove the filter from the holder, reverse it, and reattach
it to the holder. Determine the net count for the unattenuated silver peak, I^t

Scan times may be less for measurement of silver peaks than for sample peaks';
however, they should be constant throughout the analysis.

14. Normalize all raw, net intensities (to correct for instrument instabilities) by
referencing them to an external standard (e.g., the 3.34 A peak of an a-quartz
reference crystal). After each unknown is scanned, determine the net count,
I°n of the reference specimen following the procedure in step 12. Determine
the normalized intensities by dividing the peak intensities by I°r:
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2.4.6 Calibration

2.4.6.1 Preparation of Calibration Standards

1. Mill and size standard asbestos materials according to the procedure outlined in
Section 2.4.5.2.2. Equivalent standardized matrix reduction and sizing
techniques should be used for both standard and sample materials.

2. Dry at 100°C for 2 hours; cool in a desiccator.

3. Prepare two suspensions of each standard in isopropanol by weighing approximately
10 and 50 mg of the dry material to the nearest 0.01 mg. Transfer each to a 1-L
volumetric flask containing approximately 200 mL isopropanol to which a few drops
of surfactant have been added.

4. Ultrasonicate for 10 minutes at a power density of approximately 0.1 W/mL, to
disperse the asbestos material.

5. Dilute to volume with isopropanol.

6. Place the flask on a magnetic stirring plate. "Stir.

7. Prepare, in triplicate, a series of at least five standard filters to-cover the desired
analytical range, using appropriate aliquots of the 10 and 50 mg/L suspensions. For
each standard, mount a silver membrane filter on the filtration apparatus. Place a
few mL of isopropanol in the reservoir. Vigorously hand shake the asbestos
suspension and immediately withdraw an aliquot from the center of the suspension.
Do not adjust the volume in the pipet by expelling part of the suspension; if more
than the desired aliquot is withdrawn, discard the aliquot and resume the procedure
with a clean pipet. Transfer the aliquot to the reservoir. Keep the lip of the pipet
near the surface of the isopropanol. Filter rapidly under vacuum. Do not wash the
sides of the reservoir. Leave the vacuum on for a time sufficient to dry the Filter.
Release the vacuum and remove the filter with forceps.
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2.4.6.2 Analysis of Calibration Standards

1. Mount each filter on a flat holder. Perform step scans on selected diagnostic
reflections of the standards and reference specimen using the procedure outlined in
Section 2.4.5.4, step 12, and the same conditions as those used for the samples.

2. Determine the normalized intensity for each peak measured, f° t d , as outlined in
Section 2.4.5.4, step 14. s

2.4.7 Calculations

For each asbestos reference material, calculate the exact weight deposited on each

standard filter from the concentrations of the standard suspensions and aliquot volumes.

Record the weight, w, of each standard. Prepare a calibration curve by regressing 1° on

w. Poor reproducibility (±15 percent RSD) at any given level indicates problems in the

sample preparation technique, and a need for new standards. The data should fit a straight-

line equation.

Determine the slope, m, of the calibration curve in counts/microgram. The intercept,

b, of the line with the 1° . axis should be approximately zero. A large negative intercept

indicates an error in determining the background. This may arise from incorrectly measuring

the baseline or from interference by another phase at the angle of background measurement.

A large positive intercept indicates an error in determining the baseline or that an impurity is

included in the measured peak.

Using the normalized intensity, f , , for the attenuated silver peak of a sample, and
g «the corresponding normalized intensity from the unattenuated silver peak 1° , of the sample

Ag
filter, calculate the transmittance, T, for each sample as follows:21-28

Determine the correction factor, f(T), for each sample according to the formula:
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where

sin
R =

sin 6a

0A, = angular position of the measured silver peak (from Bragg's Law), and

0, = angular position of the diagnostic asbestos peak.

Calculate the weight, W., in micrograms, of the asbestos material analyzed for in each

sample, using the absorption corrections:

Calculate the percent composition, Pa, of each asbestos mineral analyzed for in the parer

material, from the total sample weight, WT, on the filter:

W a l l - .01Z.)

P = — - x 100

where

Pt = percent asbestos mineral in parent material;

W. = mass of asbestos mineral on filter, in /zg;

WT = total sample weight on filter, in /*g;

L = percent weight loss of parent material on ashing and/or acid treatment <see Section
2.4.5.4).
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2.5 Analytical Electron Microscopy

2.5.1 Applicability

Analytical electron microscopy (AEM) can often be a reliable method for the detection

and positive identification of asbestos in some bulk bui lding materials, both friable and

nonfriable. The method is particularly applicable to bulk materials that contain a large

amount of interfering materials that can be removed by ashing and/or dissolution and contain

asbestos fibers that are not resolved by PLM techniques. Many floor tiles and plasters would

be included in this type of sample. In combination with suitable specimen preparation

techniques, the AEM method can also be used to quantify asbestos concentrations.

2.5.2 Range

The range is dependent on the type of bulk material being analyzed. The upper detection

limit is 100%, and the lower detection limit can be as low as 0.0001 % depending on the

extent to which interfering materials can be separated during the preparation of AEM
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specimens, the sophisticaiion of the AEM preparation, and the amount of labor expended on

AEM examination.

2.5.3 Interferences

The presence of a large amount of binder/matrix materials associated with fibers can

make it difficult to positively identify fibers as asbestos. The portion of the fiber examined

by either electron diffraction or energy dispersive x-ray analysis (EDXA) must be free of

binder/matrix materials.

2.5.4 Precision and Accuracy

The precision and accuracy of the method have not been determined.

2.5.5 Procedures

The procedures for AEM specimen preparation depend on the data required. In analysis

of floor tiles, the weighed residue after removal of the matrix components (see Section 2.3,

Gravimetry) is often mostly asbestos, and the task is primarily to identify the fibers. In this

situation the proportion of asbestos in the residue can be estimated by AEM and this estimate

can be used to refine the gravimetric result. For many floor tiles, the final result is not very,

sensitive to errors in this estimation because the proportion of asbestos in the residue is very

high. For samples in which this is not the case, precise measurements can be made using a

quantitative AEM preparation, in which each grid opening of the specimen grid corresponds

to a known weight of the original sample or of a concentrate derived from the original

sample. Asbestos fibers on these grids are then identified and measured, using a fiber

counting protocol which is directed towards a precise determination of mass concentration.

This latter procedure is suitable for samples of low asbestos concentration, or for those in

which it is not possible to remove a large proportion of the matrix material.

2.5.5.1 AEM Specimen Preparation for Semi-Quantitative Evaluation

The residual material from any ashing or dissolution procedures (see Section 2.3) used

(usually trapped on a membrane filter) should be placed in a small volume of-ethanol or

another solvent such as acetone or isopropyl alcohol, in a disposable beaker, and dispersed
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by treatment in an ultrasonic bath. A small volume of this suspension (approximately 3«1)

should be pipetted onto the top of a carbon-coated TEM grid. The suspension should be

allowed to dry under a heat lamp. The grid is then ready for examination.

Samples that are not conducive to ashing or dissolution may also be prepared in this way

for AEM analysis. A few milligrams of the sample may be ground in a mortar and pestle or

milled, dispersed in ethanol or another solvent using an ultrasonic bath, and pipetted onto a

grid as described previously.

2.5.5.2 AEM Specimen Preparation for Quantitative Evaluation

The objective of this preparation is to obtain a TEM grid on which a known weight of

the bulk sample is represented by a known area of the TEM grid. A known weight of the

bulk sample, or of the residue after extraction, should be dispersed in a known volume of

distilled water. Aliquots of this dispersion should then be filtered through 0.22 /*m pore-size

MCE or 0.2 /zm pore-size PC filters, using filtration techniques as described for analysis of

water samples.1 In order to obtain filters of appropriate paniculate loading for AEM

analysis, it may be necessary to perform serial dilutions of the ini t ia l dispersion. TEM grids

should then be prepared from appropriately-loaded filters, using the standard methods.2

Determination of the mass concentration of asbestos on the TEM grids requires a

different fiber counting protocol than that usually used for determination of numerical fiber

concentrations. Initially, the grids should be scanned to determine the dimensions of the

largest asbestos fiber or fiber bundle on the specimens. The volume of this fiber or bundle

should be calculated. The magnification of the AEM should be set at a value for which the

length of this fiber or bundle just fills the fluorescent screen. Asbestos fiber counting should

then be continued at this magnification. The count should be terminated .when the volume of

the initial large fiber or bundle represents less than about 5% of the integrated volume of all

asbestos fibers detected. This counting strategy ensures that the fiber counting effort is

directed toward those fibers which contribute most to the mass, and permits a precise mass

concentration value to be obtained.
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2.5.5.2.1 Identification

To document the positive identification of asbestos in a sample, the analyst should record

the following physical properties: morphology data, electron diffraction data, EDXA data,

and any other distinguishing characteristics observed. For fibrous structures identified as

nonasbestos, the unique physical property or properties that differentiate the material from

asbestos should be recorded.

The purpose of the identification data collected is to prevent or limit false negatives and

false positives. This can be accomplished by having a system for measuring and recording

the d-spacings and symmetry of the diffraction patterns, determining the relative abundance

of the elements detected by EDXA, and comparing these results to reference data. The

laboratory should have a set of reference asbestos materials from which a set of reference

diffraction patterns and x-ray spectra have been developed. Also, the laboratory should have

available reference data on the crystallography and chemical composition of minerals that

might analytically interfere with asbestos.

2.5.6 References

1. Chatfield, E.J., and M. J. Dillon, Analytical Method-for Determination of
Asbestos Fibers in Water, EPA-600/4-83-043, U.S. Environmental Protection
Agency Environmental Research Laboratory, 1983.

2. Environmental Protection Agency's Interim Transmission Electron Microscopy
Analytical Methods—Mandatory and Nonmandatory—and Mandatory Section to
Determine Completion of Response Actions, Appendix A to subpart E, 40 CFR
part 763.

2.6 Other Methodologies

Additional analytical methods (e.g. Scanning Electron Microscopy) may be applicable for

some bulk materials. However, the analyst should take care to recognize the limitations of

any analytical method chosen. Conventional SEM, for example, cannot detect small

diameter fibers (~ < 0.2/xm), and cannot determine crystal structure. It is, however, very

useful for observing surface features in complex particle matrices, and for determining

elemental compositions.
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3.0 QUALITY CONTROL/QUALITY ASSURANCE OPERATIONS- PLM

A program to routinely assess the quality of the results produced by the PLM laboratory

must be developed and implemented. Quality Control (QC) is a system of activities whose

purpose is to control the quality of the product or service so that it meets the need of the

users. This also includes Quality Assessment, whose purpose is to provide assurance that

the overall quality control is being done effectively. While the essential elements of a quality

control system are described in detail elsewhere,1-2-3-0-6 only several of the elements will be

discussed here. Quality Assurance (QA) is comprised of Quality Control and Quality

Assessment and is a system of activities designed to provide assurance that a product or

service meets defined standards of quality.

The purpose of the Quality Assurance program is to minimize failures in the analysis of

materials prior to submitting the results to the client. Failures in the analysis of asbestos

materials include false positives, false negatives, and misidentification of asbestos types.

False positives result from identification or quantitation errors. False negatives result from

identification, detection, or quantitation errors.

For the stereomicroscopic and PLM techniques, the quality control procedures should

characterize the accuracy and precision of both individual analysts and the techniques.

Analysts should demonstrate their abilities on calibration materials, and also be checked

routinely on the analysis of unknowns by comparison with results of a second analyst. The

limitations of the stereomicroscopic and PLM techniques can be determined by using a

second analytical technique, such as gravimetry, XRD, or AEM. For example,

stereomicroscopic and PLM techniques can fail in the analysis of floor tiles because the

asbestos fibers in the sample may be too small to be resolved by light microscopy. An XRD

or AEM analysis is not subject to the same limitations, and may indicate the presence of

asbestos in the sample.

The accuracy, precision, and detection limits of all analytical techniques described in this

method are dependent on the type of sample (matrix components, texture, etc.), on the

preparation of the sample (homogeneity, grain size, etc.), and the specifics of the method

(number of point counts for PLM, mass of sample for gravimetry, counting time for XRD,
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etc.)- These should be kept in mind when designing quality control procedures and

characterizing performance, and are variables that must be tracked in the quality assurance

system.

3.1 General Considerations

3.1.1 Training

Of paramount importance in the successful use of this or any other analytical method is

the well-trained analyst. It is highly recommended that the analyst have completed course

work in optical mineralogy on the collegiate level. That is not to say that others cannot

successfully use this method, but the classification error rate7 may, in some cases, be directly

attributable to level of training. In addition to completed course work in optical mineralogy,

specialized course work in PLM and asbestos identification by PLM is desirable. Experience

is as important as education. A good laboratory training program can be used in place of

course work. Analysts that are in training and not yet fully qualified should have all

analyses checked by a qualified analyst before results are released. A QC Plan for asbestos

identification would be considered incomplete without a detailed description of the analyst

training program, together with detailed records of training for each analyst.

3.1.2 Instrument Calibration and Maintenance

Microscope alignment checks (alignment of the polarizer at 90° with respect to the

analyzer, and coincident with the cross-lines, proper orientation of the slow vibration

direction of the Red I compensator plate, image of the field diaphragm focussed in the plane

of the specimen, centering of the central dispersion staining slop, etc.) should be performed

with sufficient frequency to-ensure proper operations. Liquids used for refractive index

determination and those optionally used for dispersion staining should have periodic

refractive index checks using a refractometer or known refractive index solids. These

calibrations must be documented.

Microscopes and ancillary equipment should be maintained daily. It is recommended that

at least once per year each microscope be thoroughly cleaned and re-aligned by a

professional microscope service technician. Adequate inventories of replaceable parts
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(illumination lamps, elc.) should be established and maintained. All maintenance must be

documented.

3.2 Quality Control of Asbestos Analysis

3.2.1 Qualitative Analysis

All analysts must be able to correctly identify the six regulated asbestos types (chrysotile,

amosite, crocidolite, anthophyllite, actinolite, and tremolite) using combined

stereomicroscopic and PLM techniques. Standards for the six asbestos types listed are

available from N1ST, and should be used to train analysts in the measurement of optical

properties and identification of asbestos. These materials can also be used as identification

standards for XRD and AEM.

Identification errors between asbestos types (e.g. reporting amosite when tremolite is

present) implies that the analyst cannot properly determine optical properties and is relying

on morphology as the identification criteria. This is not acceptable. Each analyst in the lab

should prove his or her proficiency in identifying the asbestos types; this can be checked

through use of calibration materials (NVLAP proficiency testing materials, materials

characterized by an independent technique, and synthesized materials) and by comparing

results with another analyst. The identification of all parameters (e.g. refractive indices,

birefringence, sign of elongation, etc.) leading to the identification should fall within control

limits determined by the laboratory. In addition, a subset of materials should be analyzed

using another technique to confirm the analysis.

As discussed earlier, the qualitative analysis is dependent upon matrix and asbestos type

and texture. Therefore, the quality assurance system should monitor for samples that are

difficult to analyze and develop additional or special steps to ensure accurate characterization

of these materials. When an analyst is found to be out of the control limits defined by the

laboratory, he or she should undergo additional training and have confirmatory analyses

performed on all samples until the problem has been corrected.
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3.2.2 -Quantitative Analysis

The determination of the amount of asbestos in a sample can be accomplished using the

various techniques outlined in this method. The mandatory stereomicroscopic and PLM

examinations provide concentrations in terms of volume, area, or weight, depending upon the

•calibration procedure. Gravimetric and quantitative XRD techniques result in concentrations

in units of weight percent. Specific guidelines for determining accuracy and precision using

these techniques are provided in the appropriate sections of this method. In general,

however, the accuracy of any technique is determined through analysis of calibration

materials which are characterized by multiple independent techniques in order to provide an

unbiased value for the analyte (asbestos) in question. The precision of any technique is

determined by multiple analyses of the sample. The analyst is the detector for

stereomicroscopic and PLM techniques, as opposed to gravimetric and XRD techniques, and

therefore must be calibrated as an integral part of the procedure.

As in the qualitative analysis, the laboratory should determine its accuracy and precision

for quantitative asbestos analysis according to the type of material analyzed and the technique

used for analysis. For example, the laboratory may determine that its analysts have a

problem with calibrated area estimates of samples containing cellulose and chrysotile and

therefore needs to make or find special calibration materials for this class of sample.

Calibration materials for quantitative analysis of asbestos are available through the Bulk

Asbestos NVLAP as proficiency testing materials for those laboratories enrolled in NVLAP.

In a report provided following a test round, the concentration of asbestos in each sample is

given in weight percent with 95%/95% tolerance limits, along with a description of the

major matrix components. Materials from other round robin and quality assurance programs

for asbestos analysis may not have been analyzed by independent techniques; the

concentrations may represent consensus PLM results that could be significantly biased.

Therefore, values from these programs should not be used as calibration materials for

quantitative analysis.

Calibration materials for quantitative analysis can also be synthesized by mixing asbestos

and appropriate matrix materials, as described in Appendix C of this method. These
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materials are usually simplifications of "real world" samples; therefore the accuracy and

precision determined from analysis of these materials are probably ideal.

Limits on permissible analytical variability must be established by the laboratory prior to

QC implementation. It is recommended that a laboratory initially be at 100% quality control

(all samples reanalyzed.) The proportion of quality control samples can later be lowered

gradually, as control indicates, to a minimum of 10%. Quantitative results for standards

including the mean and error estimate (typically 95% confidence or tolerance intervals)

should be recorded. Over time these data can be used to help determine control limits for

quality control charts.

The establishment and use of control charts is extensively discussed elsewhere in the

literature. 1-2-3-4-i Several cautions are in order:

• Control charts are based on the assumption that the data are distributed normally.
Using rational subgrouping, the means of the subgroups are approximately normally
distributed, irrespective of the distribution of the individual values in the subgroups.
Control charts for asbestos analysis are probably going to be based on individual
measurements, not rational subgroups. Check the data for normality before
proceeding with the use of control charts. Ryan* suggests a minimum of 50 analyses
before an attempt is made to establish control limits. However, for this analysis,
consider setting "temporary" limits after accumulating 20-30 analyses of the sample.

• Include both prepared slides as well as bulk samples in your reference inventory.

• Make certain that sample quantities are sufficient to last, and that the act of sampling
will not alter the composition of the reference sample.

Data on analytical variability can be obtained by having analysts repeat their analyses of

samples and also by having different analysts analyze the same samples.

3.3 Interlaboratory Quality Control

The establishment and maintenance of an interlaboratory QC program is fundamental to

continued assurance that the data produced within the laboratory are of consistent high

quality. Intralaboratory programs may not be as sensitive to accuracy and precision error,

especially if the control charts (see Section 3.2.2) for all analysts in the.laboratory indicate

small percent differences. A routine interlaboratory testing program will assist in the

detection of internal bias and analyses may be performed more frequently than proficiency
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testing. Arrangements should be made with at least two (preferably more) other laboratorif 'J

that conduct asbestos identification by PLM. Samples (the number of whkh is left to the

participating laboratories, but at least 4-10) representing the types of samples and matrices

routinely submitted to the lab for analysis should be-exchanged with sufficient frequency to

determine intralaboratory bias. Both reference slides and bulk samples should be used.

Results of the interlaboratory testing program should be evaluated by each of the

participating laboratories and corrective actions, if needed, identified and implemented.

Since quantitation problems are more pronounced at low concentrations (< 5%), it would be

prudent to include approximately 30-50% from this concentration range in the sample

selection process.

3.4 Performance Audits

Performance audits are independent quantitative assessments of laboratory performance.

These audits are similar to the interlaboratory QC programs established between several

laboratories, but with a much larger cohort (the EPA Asbestos Bulk Sample Analysis Quality

Assurance Program had as many as 1100 participating laboratories). Participation in this

type of program permitted assessment of performance through the use of "consensus" test

materials, and served to assist in assessing the bias relative to individual interlaboratory, as

well as intralaboratory programs. Caution should be-exercised in the use of "consensus"

quantitation results, as they are likely to be significantly responsible for the propagation of

high bias in visual estimates. The current N1ST/NVLAP9 for bulk asbestos laboratories

(PLM) does not use concensus quantitation results. Results are reported in weight percent

with a 95% tolerance interval. The American Industrial Hygiene Association (AIHA)10also

conducts a proficiency testing program for bulk asbestos laboratories. Quantitation results

for this program are derived From analyses by two reference laboratories and PLM, XRD

and gravimetric analysis performed by Research Triangle Institute.

3.5 Systems Audits

Where performance audits are quantitative in nature, systems audits are qualitative.

Systems audits are assessments of the laboratory quality system as specified in the Laboratory
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Quality Assurance Manual. Such an audit might consist of an evaluation of some facei of the

QA Manual, or the audit may be larger in scope. For example, the auditor might request

specific laboratory data sheets which will be evaluated against written procedures for data

recording in the laboratory. Or, the auditor might request air monitoring or contamination

control data to review for frequency of sampling, analysis methodology, and/or corrective

actions taken when problems were discovered. The audit report should reflect the nature of

the audit as well as the audit results. Any recommendations for improvement should also be

reflected in such a report.
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APPENDIX A. GLOSSARY OF TERMS

Accuracy - The degree of agreement of a measured value with the true or expected value.

Anisotropic - Refers to substances that have more than one refractive index (e.g. are
birefringent), such as nonisometric crystals, oriented polymers, or strained isotropic
substances.

Asbestiform (morphology) - Said of a mineral that is like asbestos, i.e., crystallized with the
habit of asbestos. Some asbestiform minerals may lack the properties which make
asbestos commercially valuable, such as long fiber length and high tensile strength.
With the light microscope, the asbestiform habit is generally recognized by the
following characteristics:

• Mean aspect ratios ranging from 20:1 to 100:1 or higher for fibers longer than
5/im. Aspect ratios should be determined for fibers, not bundles.

• Very thin Fibrils, usually less than 0.5 micrometers in width, and

• Two or more of the following:

- Parallel Fibers occurring in bundles,

- Fiber bundles displaying splayed ends,

- Matted masses of individual Fibers, and/or

- Fibers showing curvature

These characteristics refer to the population of Fibers as observed in a bulk sample.
It is not unusual to observe occasional particles having aspect ratios of 10:1 or less,
but it is unlikely that the asbestos component(s) would be dominated by particles
(individual Fibers) having aspect ratios of <20:1 for fibers longer than 5/im. If a
sample contains a Fibrous component of which most of the Fibers have aspect ratios of
<20:1 and that do not display the additional asbestiform characteristics, by deFmition
the component should not be considered asbestos.

Asbestos - A commercial term applied to the asbestiform varieties of six different minerals.
The asbestos types are chrysotile (asbestiform serpentine), amosite (asbestiform
grunerite), crocidolite (asbestiform riebeckite), and asbestiform anthophyllite,
asbestiform tremolite, and asbestiform actinolite. The properties of asbestos that
caused it to be widely used commercially are: 1) its ability to be separated into long,
thin, flexible Fibers; 2) high tensile strength; 3) low thermal and electrical
conductivity; 4) high mechanical and chemical durability, and 5) high heat resistance.

A-l



Becke Line - A band of light seen at the periphery of a specimen when the refractive indices,
of the specimen and the mounting medium are different; it is used to determine
refractive index.

Bias - A systematic error characterized by a consistent (non-random) measurement error.

Binder - With reference to a bulk sample, a component added for cohesiveness (e.g.
plaster, cement, glue, etc.).

Birefringence - The numerical difference between the maximum and minimum refractive
indices of an anisotropic substance. Birefringence may be estimated, using a
Michel-Levy chart, from the interference colors observed under crossed polarizers.
Interference colors are also dependent on the orientation and thickness of the grain,
and therefore are used qualitatively to determine placement in one of the four
categories listed below.

Qualitative Quantitative/N-n')
none 0.00 or isotropic
low <0.010
moderate 0.011-0.050
high > 0.050

Bulk Sample - A sample of building material taken for identification and quantitation of
asbestos. Bulk building materials may include a wide variety of Triable and
nonfriable materials.

Bundle - Asbestos structure consisting of several fibers having a common axis of elongation.

Calibration Materials - Materials, such as known weight % standards, that assist in the
calibration of microscopists in terms of ability to quantitate the asbestos -content of
bulk materials.

Color - The color of a particle or fiber when observed in plane polarized light.

Compensator - A device with known, fixed or variable retardation and vibration direction
used for determining the degree of retardation (hence the thickness or value of
birefringence) in an anisotropic specimen. It is also used to determine the sign of
elongation of elongated materials. The most common compensator is the first-order
red plate (530-550nm retardation).

Control Chart - A graphical plot of test results with respect to time or sequence of
measurement, together with limits within which they are expected to lie when the
system is in a state of statistical control.
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Detection Limit - The smallest concentration/amount of some component of interest that
can be measured by a single measurement with a stated level of confidence.

Dispersion Staining (focal masking) - An optical means of imparting apparent or virtual
color to transparent substances by the use of stops in the objective back focal plane; ir
it is used to determine refractive indices.

Error - Difference between the true or expected value and the measured value of a quantity
or parameter.

Extinction - The condition in which an anisotropic substance appears dark when observed
between crossed polais. This occurs when the vibration directions in the specimen
are parallel ;to the vibration directions in the polarizer and analyzer. Extinction may
be complete or incomplete; common types include parallel, oblique, symmetrical and
undulose.

Extinction Angle - For fibers, the angle between the extinction position and the position at
which the fiber is parallel to the polarizer or analyzer privileged directions.

Fiber - With reference to asbestiform morphology, a structure consisting of one or more
fibrils.

Fibril - The individual unit structure of fibers.

Friable - Refers to the cohesiveness of a bulk material, indicating that it may be crumbled
or disaggregated by hand pressure.

Gravimetry - Any technique in which the concentration of a component is determined by
weighing. As used in this document, it refers to measurement of asbestos-containing
residues after sample treatment by ashing, dissolution, etc.

Homogeneous - Uniform in composition and distribution of all components of a material,
such that multiple subsamples taken for analysis will contain the same components in
approximately the same relative concentrations.

Heterogeneous - Lacking uniformity in composition and/or distribution of material;
components not uniform. Does not satisfy the conditions stated for homogenous;
e.g., layered or in clumps, very coarse grained, etc.

Isotropic - Refers to substances that have a single refractive index such as unstrained
glass, un-oriented polymers and unstrained substances in the isometric crystal system.
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Lamda Zero (\J - The wavelength (X,,) of the dispersion staining color shown by a
specimen in a medium; both the specimen and medium have the same refractive inde
at that wavelength.

Matrix - Nonasbestos, nonbinder components of a bulk material. Includes such
components as cellulose, fiberglass, mineral wool, mica, etc.

Michel-Levy Scale of Retardation colors - A chart plotting the relationship between
birefringence, retardation and thickness of anisotropic substances. Any one of the
three variables can be determined if the other two are known.

Morphology - The structure and shape of a panicle. Characterization may be descriptive
(platy, rod-like, acicular, etc) or in terms of dimensions such as length and diameter
(see asbestiform).

Pleochroism - The change in color or hue of colored anisotropic substance when rotated
relative to the vibration direction of plane polarized light.

Point Counting - A technique used to determine the relative projected areas occupied by
separate components in a microscope slide preparation of a sample. For asbestos
analysis, this technique is used to determine the relative concentrations of asbestos
minerals to nonasbestos sample components.

Polarization Colors - Interference colors displayed by anisotropic substances between two
polarizers. Birefringence, thickness and orientation of the material affect the colors ~
and their intensity.

Precision - The degree of mutual agreement characteristic of independent measurements as
the result of repeated application of the process under specified conditions. It is
concerned with the variability of results.

Reference Materials - Bulk materials, both asbestos-containing and nonasbestos-
containing, for which the -components are well-documented as to identification and
quantitation.

Refractive Index (index of refraction) - The ratio of the velocity of light in a vacuum
relative to the velocity of light in a medium. It is expressed as n and varies with
wavelength and temperature.

Sign of Elongation - Referring to the location of the high and low refractive indices in an
elongated anisotropic substance, a specimen is described as positive when the higher
refractive index is lengthwise (length slow), and as negative when the lower refractive
index is lengthwise (length fast).
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Standard Reference Material (SRM) - A reference material certified and distributed by the
National Institute of Standards and Technology.

Visual Estimate - An estimation of concentration of asbestos in a sample as compared to the
other sample components. This may be a volume estimate made during
stereomicroscopic examination and/or a projected area estimation made during
microscopic (PLM) examination.
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APPENDIX B

Apparatus For Sample Preparation And Analysis



Bl.O INTRODUCTION

The following lists the apparatus and materials required and suggested for the methods of

sample preparation and analysis described in the test method.1>2>3

B2.0 STEREOMICROSCOPIC EXAMINATION

The following are suggested for routine stereomicroscopic examination.

• HEPA-filtered hood or class 1 biohazard hood, negative pressure

• Microscope: binocular microscope, preferably stereoscopic, 5-60X magnification
(approximate)

• Light source: incandescent or fluorescent

• Tweezers, dissecting needles, scalpels, probes, etc. (for sample manipulation)

• Glassine paper, glass plates, weigh boats, petri dishes, watchglasses, etc. (sample
containers)

The following are suggested for sample preparation.

• Mortar and pestle, silica or porcelain-glazed

• Analytical balance (readability less than or equal to one milligram) (optional)

• Mill or blender (optional)

B3.0 POLARIZED LIGHT MICROSCOPY

The laboratory should be equipped with a polarized light microscope (preferably capable

of Kohler or Kohler-type illumination if possible) and accessories as described below.

• Ocular{s) binocular or monocular with cross hair reticle, or functional equivalent, and
a magnification of at least 8X

• 10X, 20X, and 40X objectives, (or similar magnification)
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• Light source (with optional blue "day-light" filter)

• 360-degree rotatable stage

• Substage condenser with iris diaphragm

• Polarizer and analyzer which can be placed at 90 degrees to one another, and can be
calibrated relative to the cross-line reticle in the ocular.

• Accessory slot for wave plates and compensators (or demonstrated equivalent).

• Wave retardation plate (Red I compensator) with approximately 550 nanometer
retardation, and with known slow and fast vibration directions.

• Dispersion staining objective or a demonstrated equivalent, (optional)

• Monochromatic filter (nu), or functional equivalent, (optional)

In addition, the following equipment, materials and reagents are required or
recommended.1

• N1ST traceable standards for the major asbestos types (MIST SRM 1366 and 1867)

• Class I biohazard hood or better (see "Note", Section 2.2.5)

• Sampling utensils (razor knives, forceps, probe needles, etc.)

• Microscope slides and cover slips

• Mechanical Stage

• Point Counting Stage (optional)

• Refractive index liquids: 1.490-1.570, 1.590-1.720 in increments of less than or^qual
to 0.005; high dispersion, (HD) liquids are optional; however, if using dispersion
staining, HD liquids are recommended.

• Mortar and pestle

• Distilled water

• HC1, ACS reagent grade concentrated

8-2
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• Muffle furnace (optional)

• Mill or blender (optional)

« Beakers and assorted glassware (optional)

• Other reagents (tetrahydrofuran, amyl acetate, acetone, sodium hexametaphosphate,
etc.) (optional)

B4.0 GRAVIMETRY

The following equipment, materials, and reagents are suggested.

• Scalpels

• Crucibles, silica or porcelain-glazed, with lids

• Muffle furnace - temperature range at least to 500°C, temperature stable to _+ 10°C,
temperature at sample position calibrated to +. 10°C

• Filters, 0.4 /zm pore size polycarbonate

• Petri dishes

• Glass filtration assembly, including vacuum flask, water aspirator, and/or air pump

• Analytical balance, readable to 0.001 gram

• Mortar and pestle, silica or porcelain-glazed

• Heat lamp or slide warmer

• Beakers and assorted glassware

• Centrifuge, bench-top

• Class I biohazard hood or better

• Bulb pipettes

• Distilled water

• HC1, reagent-grade concentrated
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• Organic solvents (telrahydrofuran, amyl acetate.etc)

• Ultrasonic bath

BS.O X-RAY DIFFRACTION

Sample Preparation

Sample preparation apparatus requirements will depend upon the sample type under

consideration and the kind of XRD analysis to be performed.

• Mortar and pestle: agate or porcelain

• Razor blades

• Sample mill: SPEX, Inc., freezer mill or equivalent

• Bulk sample holders

• Silver membrane filters: 25-mm diameter, 0.45-/zm pore size. Selas Corp. of
America, Flotronics Div., 1957 Pioneer Road, Huntington Valley, PA 19006

• Microscope slides

• Vacuum filtration apparatus: Gelman No. 1107 or equivalent, the side-arm vacuum
flask

• Microbalance

• Ultrasonic bath or probe: Model WHO, Ultrasonics, Inc., operated at a power
density of approximately 0.1 W/mL, or equivalent

• Volumetric flasks: 1-L volume

• Assorted pipets

• Pipet bulb

• Nonserrated forceps

• Polyethylene wash bottle

• Pyrex beakers: 50-mL volume
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• Desiccator

• Filter storage cassettes

• Magnetic stirring plate and bars

• Porcelain crucibles

• Muffle furnace or low temperature asher

• Class 1 biohazard hood or better

Sample Analysis

Sample analysis requirements include an x-ray diffraction uni t , equipped with:

• Constant potential generator; voltage and mA stabilizers

• Automated diffractometer with step-scanning mode

• Copper target x-ray tube: high intensity; fine focus, preferably

• X-ray pulse height selector

• X-ray detector (with high voltage power supply): scintillation or proportional counter

• Focusing graphite crystal monochromator; or nickel filter (if copper source is used,
and iron fluorescence is not a serious problem)

• Data output accessories:
- Strip chart recorder
- Decade sealer/timer
- Digital printer

or

- PC, appropriate software and Laser Jet Printer

• Sample spinner (optional)

• Instrument calibration reference specimen: a-quartz reference crystal (Arkansas
quartz standard, #180-147-00, Philips Electronics Instruments, Inc., 85 McKee Drive,
Mahwah, NJ 07430) or equivalent.
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Reagents, etc.

Reference Materials - The list of reference materials below is intended to serve as a guide.

Every attempt should be made to acquire pure reference materials that are comparable to

sample materials being analyzed.

• Chrysotile: UICC Canadian, NIST SRM 1866 (UICC reference material available
from: UICC, MRC Pneumoconiosis Unit, Llandough Hospital, Penarth, Glamorgan,
CF61XW, UK); (NIST Standard Reference Materials available from the National
Institute of Standards and Technology, Office of Reference Standards, -Gaithersburg,
MD 20899)

• Crocidolite: UICC, NIST SRM 1866.

• "Amosite": UICC, NIST SRM 1366.

• Anthophyllite-Asbestos: UICC, NIST SRM 1867

• Tremolite Asbestos: Wards Natural Science Establishment, Rochester, NY; Cyprus
Research Standard, Cyprus Research, 2435 Military Ave., Los Angeles, CA 900064
(washed with dilute HC1 to remove small amount of <:alcite impuri ty); Indian
tremolite, Rajasthan State, India; NIST SRM 1867.

• Actinolite Asbestos: NIST SRM 1867

Adhesive - Tape, petroleum jelly, etc. {for attaching silver membrane filters to sample

holders).

Surfactant - 1 Percent aerosol OT aqueous solution or equivalent.

Isopropanol - ACS Reagent Grade.

B6.0 ANALYTICAL ELECTRON MICROSCOPY

AEM equipment requirements will not be discussed in this document; it is suggested that

equipment requirements stated in the AHERA regulations be followed. Additional

information may be found in the NVLAP Program Handbook for Airborne Asbestos

Analysis.3
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The following additional materials and equipment are suggested:

• Analytical balance, readable to 0.001 gram

• Ultrasonic bath

• Glass filtration assembly (25mm), including vacuum flask and water aspirator

• Mixed cellulose ester (MCE) filters (0.22^m pore size) or 0.2^m pore size
polycarbonate filters

• MCE backing filters (5/*m pore size)

• Silica mortar and pestle

• Beakers - glass and disposable

• Pipettes, disposable, 1,5, and 10ml

B7.0 REFERENCES

1. National Institute of Standards and Technology (NIST) National Voluntary Laboratory
Accreditation Program (NVLAP) Bulk Asbestos Handbook, N1STIR 88-3879, 1988.

2. Interim Method for the Determination of Asbestos in Bulk Insulation Samples,
U.S. E.P.A. 60Q/M4-82-020, 1982.

3. National Institute of Standards and Technology (NIST) National Voluntary Laboratory
Accreditation Program (NVLAP) Program Handbook for Airborne Asbestos Analysis,
N1STIR 89-4137, 1989.
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Cl.O INTRODUCTION

Evaluation of the results from national proficiency testing programs for laboratories

analyzing for asbestos in bulk materials indicates that laboratories have had, and continue to

have, problems with quantitation of asbestos content, especially with samples having a low

asbestos concentration.1 For such samples, the mean value of asbestos content reported by

laboratories may be four to ten times the true weight percent value. It is assumed that the

majority of the laboratories quantify asbestos content by visual estimation, either

stereomicroscopically or microscopically; therefore, the problem of quantitation must be

attributed to lack of or inadequate calibration of microscopists.

As calibration standards for asbestos-containing bulk materials are not currently

commercially available, laboratories should consider generating their own calibration

materials. This may be done rather easily and inexpensively.

C2.0 MATERIALS AND APPARATUS

Relatively pure samples of asbestos minerals should be obtained. Chrysotile, amosite and

crocidolite (SRM 1866) and anthophyllite, tremolite and actinolite (SRM 1867) are available

from NIST. A variety of matrix materials are commercially available; included are calcium

carbonate, perlite, vermiculite, mineral wool/fiberglass, and cellulose. Equipment, and

materials needed to prepare calibration bulk materials are listed below.

• Analytical balance, readable to 0.001 gram

• Blender/mixer; multi-speed, ~ one quart capacity

• Filtration assembly, including vacuum flask, water aspirator and/or air pump
(optional)

• HEPA-filtered hood with negative pressure

• Filters, 0.4/*m pore size polycarbonate (optional)

• Beakers and assorted glassware, weigh boats, petri dishes, etc.

• Hot/warm plate
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• Asbestos minerals

• Matrix materials

• Distilled water.

C3.0 MATERIAL FORMULATION PROCEDURES

The formulation procedure involves first weighing appropriate quantities of asbestos and

matrix material to give the desired asbestos weight percent. The following formula may be

used to determine the weights of asbestos and matrix materials needed to give a desired

weight percent asbestos.

WTa =WTm
Wa Wm

Where:

WTa = weight of asbestos in grams (to 0.001 gram)
WTm = weight of matrix materials in grams (to 0.001 gram)
Wa = weight percent asbestos
Wm = weight percent matrix

Example: The desired total weight for the calibration sample is ~ 10 grams containing 5%
asbestos by weight. If 0.532 grams of asbestos are first weighed out, what -corresponding
weight of matrix material is required?

WTa = 0.532 grams n
Wa = 5% Q.532 WTm

_ • 5 95
Wm = 95% Then: WTm = 10.108^rams

The matrix is then placed into the pitcher of a standard over-the-counter blender, the

pitcher being previously filled to approximately one-fourth capacity (8-10 ounces) with

distilled water. Blending is performed at the lowest speed setting for approximately ten

seconds which serves to disaggregate the matrix material. The asbestos is then added, with

additional blending of approximately 30 seconds, again at the lowest speed setting. -Caution

should be taken not to overblend the asbestos-matrix mixture. This could result in a

significant reduction in the size of the asbestos fibers causing a problem with detection at

normal magnification during stereomicroscopic and microscopic analyses. Ingredients of the
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pitcher are then poured into a filtering apparatus, with thorough rinsing of the pitcher to

ensure complete material removal. After filtering, the material is transferred to a foil dish

which is placed on a hot plate. The material is covered and allowed to sit over low heat

until drying is complete; intermittent stirring will speed the drying process. For fine-grained

matrix materials such as gypsum, calcium carbonate, clays, etc., the sample is not filtered

after the blending process. Instead, the ingredients in the pitcher are transferred into a series

of shallow, glass (petri) dishes. The ingredients should be stirred well between each

pouring to minimize the possible settling (and over-representation) of some components. The

dishes are covered and placed on a hot plate until the contents are thoroughly dried. For

small quantities of anv matrix materials (15 prams or less), air-drying without prior filtering

is generally very suitable for removing water from the prepared sample. For each material,

the final step involves placing all formulated, dried subsamples into a plastic bag (or into one

petri dish, for small quantities), where brief hand-mixing will provide additional blending and

help to break up any clumps produced during drying. All operations should be performed

in a safety-hood with negative pressure.

C4.0 ANALYSIS OF MATERIALS

All formulations should be examined with the stereomicroscope to determine

homogeneity. Gravimetric analysis (ashing and/or acid dissolution) should be performed on

those materials containing organic and/or acid-soluble components. Matrix materials to

which no asbestos has been added should be analyzed by gravimetric analysis to determine

the amount of nonashable or insoluble materials that are present. Several subsamples of each

material should be analyzed by the gravimetric technique to provide information concerning

the uniformity of the prepared materials. Experience has shown that the previously described

formulation procedure results in relatively homogeneous materials.2

C4.1 Stereomicroscopic Analysis

Visual estimation of sample components using the stereomicroscope is in reality a

comparison of the relative volumes of the components.3 Therefore, differences in specific

gravity between asbestos and matrix material must be considered and the relationship

C-3



between weight percent and volume percent must be determined.4 Materials such as

expanded vermiculite, periite, and cellulose have specific gravities significantly lower than

asbestos minerals. Table Cl lists the specific gravities for the three most commonly

encountered asbestos varieties and several common matrix materials.

TABLE Cl. SPECIFIC GRAVITIES OF ASBESTOS VARIETIES
AND MATRIX MATERIALS

Asbestos Type

Chrysotile

Amosite

Crocidolite

Specific Gravity

2.6

3.2 '

3.3

Matrix Type

Calcium Carbonate

Gypsum

Perlite

Vermiculite
(expanded)

Mineral Wool

Fiberglass

Cellulose

Specific Gravity

2.7

2.3

-0.4

-0.3

-2.5

-2.5

-0.9

The conversion of weight percent asbestos to equivalent volume percent asbestos is given

by the following formula:

Wa
Ga x 100 = Va

Wa + Wm
Ga Gm

where:

Wa
Ga
Wm
Gm
Va

weight percent asbestos
specific gravity of asbestos
weight percent matrix
specific gravity of matrix
volume percent asbestos
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Example: Chrysotile and perlite have been combined to form a 5% asbestos
calibration standard, by weight. What is the equivalent volume
percent asbestos?

Wa = 5% _5_
Ga = 2.6 .. 2.6 x 100 = 0.8%

\/Q — . •

Wm = 95% 5 + 9 5
Gm = 0.4 2.6 0.4

Conversely, to convert volume percent asbestos to equivalent weight percent, the

following formula may be used.

x 100 = Wa
(Va)(Ga) + (Vm)(Gm)

Vm = volume percent matrix

Example: A calibration standard consisting of amosite and cellulose is
estimated to contain 2% asbestos, by volume. What is the
equivalent weight percent asbestos?

Va = 2% (2U3.2) x 100 = 6.77%
Ga = 3.2 a (2)(3.2) + (98)(0.9)
Vm = 98%
Gm = 0.9

Volume percentages should be calculated for all calibration materials prepared so that

visual estimates determined by examination with the stereomicroscope may be compared to.

true volume concentrations.

Figure Cl illustrates the relationship between volume percent and weight percent of

chrysotile mixed with vermiculite and cellulose respectively. It should be noted that when

asbestos in a low weight percentage is mixed with matrix materials having low specific

gravities (vermiculite, perlite), the resulting volume concentration of asbestos is very Sow.

For example, a mixture containing three percent chrysotile by weight in a cellulose matrix .

would result in a volume percent asbestos of approximately 1.1 %; in a vermiculite matrix,

the resulting volume percent asbestos would be approximately 0.4%. In the latter case

especially, an analyst might possibly fail to detect the asbestos or consider it to be present in

only trace amounts.

C-5



40

30

O

M
20

10

X
o-o-o > with vermicullte
»-*-* = with cellulose

4 6

Volume % Chrysotile
10
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a)vermiculite and b) cellulose.
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C4.2 Microscopical Analysis (PLM)

The polarized light microscope may be used to quantify asbestos and other components of

a sample. Slide mounts are prepared from "pinch" samples of the calibration material and

asbestos content is determined by visual area estimate and/or point counting. Both of these

quantitation techniques are in fact estimates or measurements of ihe relative projected areas

of particles as viewed in two dimensions on a microscope slide. For quantitation results to

be meaningful, the following conditions should be met:

• The sample should be homogeneous for slide preparations, which are made from
small pinches of the sample, to be representative of the total sample.

• Slide preparation should have an even dis t r ibut ion of particles and approach a one
particle thickness (seldom achieved) to avoid particle overlap.

• All materials used should be identified and specific gravities determined in order to
relate area percent to volume and/or weight percent.

• The size (thickness) relationship between matrix particles and asbestos fibers should
be determined if the results based on projected area are to be related to volume and/or
weight percent.

Particle characteristics can greatly affect the quantitation results obtained by visual area -

estimation or point counting. Figure C2 illustrates three hypothetical particle shapes of

identical length and width (as viewed from above). Although the three-dimensional shape is

different, the projected area is equal for all particles. The table accompanying Figure C2

presents data for each particle in terms of thickness, volume and projected area. It should be

noted that although the projected areas may be equal, the volumes represented by the

particles may vary by a factor of 20(0.8 vs 16 cubic units). It is obvious that quantitation of

a sample consisting of a mixture of particles with widely ranging panicle thicknesses could

result in different results. For example, if a sample contained relatively thick bundles of

asbestos and a fine-grained matrix such as clay or calcium carbonate, the true asbestos

content (by volume) would likely be underestimated. Conversely, if a sample contained thick

"books" of mica and thin bundles of asbestos, the asbestos content (by volume) would likely

be overestimated.
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0.1 unit
thick

As Viewed

Particle

A

B

C

Thickness

0.1 units

2 units

2 units

Volume

0.8 cubic units

12.6 cubic units

16 cubic units

Projected Area

8 sq. units

8 sq. units

8 sq. units

Note that although all particles have the same projected area,
particle C volume is 20x that of particle A.

Figure C2. Relationship of projected area to volume and thickness for three different particles
as viewed on a slide mount.
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Table C2 illustrates several examples of expected results from area estimates or point
counting of samples in which the asbestos fibers and matrix particles differ in thickness.

TABLE C2. RELATIONSHIP OF WEIGHT PERCENT, VOLUME PERCENT AND
PARTICLE THICKNESS TO QUANTITATION RESULTS

Composition of
Sample In Wt. %

1% Amosite
99% Calcium Carbonate

1% Amosite
99% Calcium Carbonate

1 % Amosite
99% Calcium Carbonate

1% Amosite
99% Vermiculite

1% Amosite
99% Vermiculite

1% Amosite
99% Vermiculite

1% Amosite
99% Vermiculite

Theoretical Vol.
% Asbestos

0.9

0.9

0.9

.0.1

0.1

0.1

0.1

Thickness Factor*
(Matrix/Asbestos)

0.5

1

2

1

10

20

30

Expected Area %

0.4

0.9

1.8

0.1

1.0

2.0

2.9

* Value represents the relationship between the mean thickness of the matrix particles
compared to the mean thickness of the asbestos particles.

It should be noted that it is not uncommon for matrix particle thickness to differ greatly

from asbestos fiber thickness, especially with matrix materials such as vermiculite and

perlite; vermiculite and perlite particles may be 20 - 30 times as thick as the asbestos fibers.

The general size relationships between matrix particles and asbestos fibers may be

determined by scanning slide mounts of a sample. A micrometer ocular enables the

microscopist to actually measure particle sizes.
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If a thickness factor can be determined for a calibration sample of known volume

proportions of asbestos and matrix materials, an expected equivalent projected area asbestos

can be calculated using the following formula:

Va x 100 = Aa
Vm + Va
T

where:

Va
Vm
T
Aa

true volume percent asbestos
true volume percent matrix
thickness factor (mean size matrix particle/mean size asbestos fiber)
expected projected area percent asbestos

Example:

Va
Vm
T

A calibration standard of known weight percent asbestos is
determined, by factoring in component specific gravities, to be
5.0% asbestos by volume. The matrix particles are estimated to
be ten times thicker than the asbestos fibers. What would be the
expected projected area percentage of asbestos?

5%
95%
10

Aa =•
x 100 = 34.5%

10

Conversely, to convert projected area percent asbestos to equivalent volume percent,

the following formula may be used:

Aa x 100 = Va
T(Am) + Aa

Where: Am = projected area matrix ;

Example: A slide containing a subsample of an amosite/mineral wool
calibration standard is determined by point counting to have a
projected area asbestos of 18.6%. If the mineral wool fibers are
estimated to be six times the asbestos fibers, in diameter, what
is the equivalent volume percent asbestos?
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Am = 81.4%
Aa = 18.6% _ (18.6) x 100 = 3.67%
T = 6 6(81.4) + 18.6

Based on specific gravity values listed in Table 1C and on the
above volume asbestos determination, what is the equivalent
weight percent asbestos in the sample?

Va = 3.67% (3.67)(3.2) x 100 = 4.7%
Ga = 3.2 (3.67)0.2) + (96.33)(2.5)
Vm = 96.33%
Gm = 2.5

C5.0 USE OF CALIBRATION STANDARDS FOR QA/QC

Once the materials have been formulated and thoroughly characterized by all techniques

to determine their suitability as calibration standards, a system for incorporating them into

the QA/QC program should be established. Someone should be designated (QA officer, lab

supervisor, etc.) to control the distribution of standards and to monitor the analysis results of

the microscopists. Both precision and accuracy may be monitored with the use of suitable

standard sets.

Records such as range charts, control charts, etc. may be maintained for volume

(stereomicroscopic estimates), area (PLM) estimates and point counts. For point counts and

area estimates, relatively permanent slides may be made using epoxy or Melt Mount *. Such

slides may be very accurately quantified over time as to point count values, and due to their

very long shelf life, may be used for QA/QC purposes almost indefinitely.

C6.0 REFERENCES
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3. Perkins, R. L. and M. E. Beard, "Estimating Asbestos Content of Bulk Materials",
National Asbestos Counciljournal, Vol. 9, No. 1, 1991, pp. 27-31.

4. Asbestos Content in Bulk Insulation Samples: Visual Estimates and Weight
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APPENDIX D

Special-Case Building Materials



Asbestos laboratories are now called upon to analyze many types of bulk building

materials that are very difficult to characterize by routine PLM analysis. These materials are

dominantly nonfriable and can be grouped into the following categories:

• Cementitious Products (pipe, sheeting, etc.)

• Viscous Matrix Products (adhesives, cements, coatings, etc.)

• Vinyl Materials (vinyl floor tile, sheeting)

• Asphaltic Roofing Materials (shingles, roll roofing)

• Miscellaneous Products (paints, coatings, friction plates, gaskets, etc.)

Materials characterized by interfering binder/matrix, low asbestos content, and/or small

fiber size may require that additional sample trealment(s) and analysis be performed beyond

routine PLM analysis. The sample treatment(s) required is(are) determined by the dominant

nonasbestos sample components (see Section 2.3, Gravimetry). Materials containing an

appreciable amount of calcareous material may be treated by dissolution with hydrochloric

acid. Samples containing organic binders such as vinyl , plasticizers, esters, asphalts, etc.

can be treated with organic solvents or ashed in a muffle furnace (preferred method) or low

temperature plasma asher to remove unwanted components. Materials containing cellulose,

synthetic organic fibers, textiles, etc. may also be ashed in a muffle furnace or low

temperature plasma asher.

The method chosen for analysis of a sample after treatment is dependent on asbestos

concentration and/or fiber size. An examination of the sample residue by PLM may disclose

asbestos if the fibers are large enough to be resolved by the microscope, but additional

analytical methods are required if the sample appears negative. Analysis by XRD is not

fiber-size dependent, but may be limited by low concentration of asbestos and the presence of

interfering mineral phases. In addition, the XRD method does not differentiate between

fibrous and nonfibrous varieties of a mineral. Analysis by AEM is capable of providing

positive identification of asbestos type(s) and semi-quantitation of asbestos content.
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The following flowchart illustrates a possible scheme for the analysis of special-case

building materials.

NOTE: Preliminary studies indicate that the XRD method is capable of delecting

serpentine (chrysotile) in floor tile samples without extensive sample preparation prior to

XRD analysis. XRD analysis of small, intact sections of floor tile yielded diffraction

patterns that con firmed the presence of serpentine, even at concentrations of —one percent

by weight. TEM analysis of these same tiles confirmed the presence of chrysotile asbestos.

With further investigation, this method may prove applicable to other types of nonfriable

materials.

D-2



FLOWCHART FOR QUALITATIVE ANALYSIS OF SPECIAL CASE BUILDING
MATERIALS SUCH AS FLOOR TILES, ASPHALTIC MATERIALS, VISCOUS

MATRIX MATERIALS, ETC.*

BULK SAMPLE

STEREOMICROSCOPIC/PLM ANALYSIS

SAMPLE IS EXAMINED FIRST WITH A
STEREOMICROSCOPE

FOLLOWED BY EXAMINATION WITH PLM

ACM
(Asbestos is confirmed at

concentration >1% - considered ACM)

NON ACM
(Asbestos not detected or detected at

trace level - non ACK by PLK)

Confirmatory analysis by alternative
analytical methods (XJU3 and/or AEK)

considered necessary

ACM NOri-ACM

GRAVIHETRY

Gravimetric method* used to romova
interfer«nt§; residua nay ba

analyzed by PLM

ACM

ACM

Sample reiidua analysed by
XRD and/or AEM

NOH-ACH «<— ACK

•Although this flowchart is applicable to all bulk materials, it is primarily intended to be used
with known problem materials that are difficult to analyze by PLM due to low asbestos concentration,
and/or small fiber size, and/or interfering binder/matrix. In addition to being qualitative, the
results may also be semi-quantitative. It should not be assumed that all samples need to be
analyzed by AEM and XRD. The flowchart simply illustrates options for methods of analysis.
Alternate methods such as SEM may be applicable to some bulk materials.

• US GOVERNMENT PRINTING OfnCt 1 8 » J -750 - O 0 1 ' « 0 2 3 7
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METHOD 100.2

DETERMINATION OF ASBESTOS STRUCTURES OVER
10 urn IN LENGTH IN DRINKING WATER

1.0 SCOPE AND APPLICATION

1.1 This test method is recommended for the determination of
the presence and quantitation of asbestos structures in
drinking water samples. The method allows for the
quantitation of structures greater than 10 urn in length.

1.2 This test method describes the equipment and procedures
necessary for the sampling and analysis of drinking
water by transmission electron microscopy (TEM).

1.3 The identification of asbestos by TEM is based on (a)
morphology, (b) selected area electron diffraction
(SAED) and (c) energy dispersive x-ray analysis (EDXA).

1.4 Applicable analytes and Chemical Abstract Service (CAS)
Numbers:

Asbestos

Chrysotile
Crocidolite
Amosite (Grunerite)
Anthophyllite
Tremolite
Actinolite

CAS Number

12001-29-5
12001-28-4
12001-73-5
77536-67-5
77536-68-6
77536-66-4

1.5 Data Quality Objectives

Method

TEM

Accuracy3

95%

Precision3

95%

Completeness

100%

a- Confidence coefficient of a confidence interval for a
Poisson variable within which count ranges are expected
to fall.

1.6 Analytical Sensitivity. A sensitivity of 200,000 fibers
per liter (0.2 MFL) is required unless filter loading
satisfies the stopping rules in Section 11.31. See
TABLE 1.



1.7 Only asbestos structures meeting the definitions set
forth in the Chatfield protocol are counted (1).

TABLE 1. Limitation of Analytical Sensitivity by Volume
of Water Sample Filtered (1)

Volume of Sample Filtered (mL)

25 mm Diam. Filter6

0.1

0.5

1.0

2.0

5.0

10

15

25

50

100

47 mm Diam. Filter0

0.6

2.8

5.7

11

28

57

85

142

285

570

Analytical

Sensitivity (f/L)

3.0 x 107

6.0 x 106

3.0 x 106

1.6 x 106

6.0 x 10s

3.0 x 10s

2.0 x 105

1.2 x 103

6.0 x 10"

3.0 x 104

a Concentration corresponding to 1 structure detected in 10
grid openings of approximately 0.008 mm2.

b Assuming active filter area of 1.99 cm2.

c Assuming active filter area of 11.34 cm2.

2.0 SUMMARY OF METHOD

Water is collected in a polyethylene or glass container and
shipped to the laboratory. Known aliquots of the sample are
filtered through a 0.1 to 0.22 pm pore mixed cellulose ester
(MCE). A carbon extraction replica is prepared from a portion of
the filter and is examined in the TEM at a magnification of
10,000 to 20,OOOX. Asbestos structures are identified by
morphology, selected area electron diffraction (SAED) and energy
dispersive x-ray analysis (EDXA). Structures are classified
according to the counting rules specified in the Chatfield
polycarbonate filter protocol (1). Only asbestos structures
greater than 10 pm in length are counted. Some states may
require identification and measurement of all asbestos fibers,



regardless of size. In this case the use of a 0.1 urn pore-size
polycarbonate or MCE filter membrane is necessary to prevent loss
of small fibers during filtration.

3.0 DEFINITION OF TERMS

3.1 Analytical Sensitivity -- The waterborne concentration
represented by the finding of one asbestos structure in the total
area of filter examined. This value will depend on the fraction
of the sample filtered and the dilution factor (if applicable).

3.2 Asbestiform -- A specific type of fibrous habit which
has greater flexibility and higher tensile strength than other
habits of the same mineral.

3.3 Asbestos -- generic term for a group of hydrated mineral
silicates.

3.4 Aspect Ratio — The ratio of the length of a fibrous
particulate to its apparent width (equivalent diameter).

3.5 Bundle -- A structure composed of three or more fibers
in a parallel arrangement with each fiber lying less than one
diameter apart.

3.6 Cluster -- A structure with fibers in a random
arrangement such that all fibers are intermixed and no single
fiber is isolated from the group.

3.7 EDXA -- Energy dispersive X-ray analysis.

3.8 Fiber -- For the purposes of this method, a structure
having a minimum length of 10 urn and an aspect ratio (length to
width) of 3:1 or greater with substantially parallel sides.

3.9 Fibril -- The smallest crystalline fiber that can be
separated from a fiber bundle which cannot be subdivided without
losing its fibrous properties.

3.10 Grid — a 3 mm diameter 200-mesh copper lattice used to
hold the carbon extraction replica for observation in the TEM.

3.11 Intersection -- Nonparallel touching or crossing of
fibers, with the projection having an aspect ratio ^3:1.

3.12 Matrix -- Fiber or fibers with one free end and the
other end embedded in or hidden by a particulate.



3.13 MFL -- million fibers per liter.

3.14 SAED or ED -- Selected area electron diffraction.

3.15 Structure -- A microscopic bundle, cluster, fiber or
matrix which may contain asbestos.

3.16 TEM -- transmission electron microscope.

4.0 INTERFERENCES

The minerals listed below can exhibit morphological, chemical or
crystal structure similarities to the asbestos minerals. The
laboratory QA/QC manual should describe routine techniques to
differentiate them from asbestos. In general, these techniques
should be the same as those required for accreditation by the
National Institute of Standards and Technology/National Voluntary
Laboratory Accreditation Program (NIST/NVLAP) for airborne
asbestos.

4.1 Antigorite

4.2 Attapulgite (Palygorskite)

4.3 Halloysite

4.4 Horneblende

4.5 Pyroxenes

4.6 Sepiolite

4.7 Vermiculite scrolls

5.0 SAFETY

This test method may involve hazardous materials, operations and
equipment, and does not purport to address all of the safety
problems, if any, associated with its use. It is the
responsibility of the user of this method to establish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use. Sample
filtration take place in a clean HEPA filtered positive pressure
hood to avoid possible contamination of the preparation.
Collapsing of the filter should be performed in an exhaust hood.



6.0 EQUIPMENT AND SUPPLIES

6.1 Transmission Electron Microscope capable of performing
electron diffraction, with a fluorescent screen inscribed with a
calibrated measuring scale. The TEM must have EDXA and be able
to produce a spot size, at crossover, less than 250 nm in
diameter.

6.2 Energy dispersive X-ray analyzer

6.3 High vacuum carbon evaporator with rotating stage

6.4 Positive pressure HEPA filtered hood

6.5 Fume hood

6.6 Table-top low power ultrasonic bath

6.7 Ozone generator capable of generating at least 400g of
ozone per day at a concentration of 1% by weight when
supplied with dry oxygen.

6.8 Quartz pipets

6.9 Submersible UV lamp (254 urn wavelength)

6.10 Waterproof marker

6.11 Forceps (tweezers)

6.12 Graduated pipettes (1, 5, 10 ml sizes), disposable
glass

6.13 25 or 47 mm diameter filter funnel assembly (either
glass or disposable plastic)

6.14 1000 mL side arm vacuum filtration flask

6.15 25 or 47 mm diameter mixed cellulose ester (MCE)
membrane filters (^0.22 pm and 5 pm pore size)

6.16 Disposable petri dishes (or suitable equivalent) for
storage of filtration membranes

6.17 Glass microscope slides

6.18 Curved scalpel blades

6.19 Low temperature oven or cabinet-type desiccator



6.20 Low temperature plasma asher

6.21 Jaffe washer

6.22 200 mesh copper TEM finder grids

6.23 Carbon rods

6.24 1000 mL glass or polyethylene sample bottles with
screw-on caps

7.0 REAGENTS AND STANDARDS

7.1 Reagent grade chemicals shall be used in all tests.
Unless otherwise indicated, it is intended that all reagents
shall conform to the specifications of the Committee on
Analytical Reagents of the American Chemical Society (2).

7.2 Deionized particle-free water

7.3 Acetone

7.4 Dimethylformamide (DMF)

7.5 Glacial acetic acid

7.6 Chloroform

7.7 l-methyl-2-pyrrolidone also called l-methyl-2-
pyrolidinone or n-methyl-2-pyrrolidone (CAS 872-50-4)

7.8 NIST traceable asbestos standards

7.9 Laboratory standards for the interference minerals
listed in Section 4.0.

8.0 SAMPLE COLLECTION. PRESERVATION AND STORAGE

8.1 The sample container will be an unused, pre-cleaned,
screw-capped bottle of glass or low density (conventional)
polyethylene of at least 1 liter capacity. It is recommended
that the use of polypropylene bottles be avoided since problems
of particulate being released into water samples have been
observed. Before use, the bottles should be rinsed twice by
filling approximately one-third full with fiber-free water and
shaking vigorously for thirty seconds. After discarding the
rinse water, the bottles should then be filled with fiber-free
water and treated in an ultrasonic bath for 15 minutes, followed
by several rinses with fiber-free water.



8.2 Blank determinations should be made prior to sample
collection. When using polyethylene bottles, one bottle from
each batch, or a minimum of one from each 24, should be tested
for background level. When using glass bottles, four bottles
from each 24 should be tested. Additional blanks may be
desirable when sampling waters suspected of containing very low
levels of asbestos, or when additional confidence in the bottle
blanks are desired. An acceptable bottle blank level is defined
as <0.01 MFL >10 urn.

8.3 SAMPLE COLLECTION— It is beyond the scope of this
procedure to furnish detailed instructions for field sampling;
the general principles of obtaining water samples apply. If
tests are being made of drinking water in a bulk storage supply,
there may be a vertical distribution of particle sizes. If a
representative sample of the water supply is required, a
carefully designated set of samples should be taken representing
the vertical as well as the horizontal distribution and then
composited for analysis. Compositing must be done in the
laboratory, and not in the field.

When sampling from a distribution system a commonly used
faucet should be chosen. Remove all hoses or fittings from the
faucet and allow the water to run to waste for a sufficiently
long period to ensure that the sample collected is representative
of the fresh water supply. For most buildings this may be
indicated by a change in temperature of the water at the faucet.
Faucets or valves should not be adjusted until all samples have
been collected. Samples should not be taken from hydrants or
other faucets at the deadend of a distribution system.

As an additional precaution against contamination, each
bottle may be rinsed several times in the source water being
tested before the final sample is taken. This procedure is not
suitable when taking depth samples from a storage tank, however.

8.4 QUANTITY OF SAMPLE-- Tw.o samples of approximately 800
mL should be collected from each site. No preservatives should
be added during sampling. This sample volume will leave an air
space to allow efficient redispersal of settled material, by
shaking, before analysis. Each bottle should be labeled with the
date, time, place, field sample number and sampler's name using a
waterproof marker.

8.5 SAMPLE SHIPMENT— Samples must be transported to the
analytical laboratory as soon as possible after collection. The
samples should be shipped in a sealed container, separate from
any bulk or air samples. Samples should be shipped in a cooler
with ice to retard bacterial or algal growth in the samples. Do
not freeze the samples. Samples should be received and filtered
in the laboratory within 48 hours of collection. Samples must be
accompanied by a properly executed chain of custody document.



8.6 SAMPLE PRESERVATION-- Samples should be filtered
immediately after arrival at the laboratory or stored in a
refrigerator until filtered.

8.7 SAMPLE COMPOSITING— Up to five samples may be
composited after receipt in the laboratory. The composite sample
must be prepared from the individual samples within 48 hours of
collection, or, if the samples have been stored for more than 48
hours, they must be individually treated with 03-UV in the
original containers. Samples should be sonicated in the original
container and equal amounts extracted to make up the composite.
It may also be prudent to filter an aliquot of each sample for
analysis in case the composite sample exceeds l/5th the MCL (1.4
MFL >10 urn long). If, later, the original samples are to be
filtered separately, they must be treated again with 03-UV in the
original containers and re-sonicated.

9.0 QUALITY CONTROL

9.1 The quality control checks required for this method
generally follow those specified in the Federal Register for
AHERA analysis of air samples (3) and the NISTIR document
relating to airborne asbestos analysis (4). These requirements
are summarized in Table 2. The criterion for acceptability of
bottle and process blanks is ^0.01 MFL >10 pm in length.

10.0 CALIBRATION AND STANDARDIZATION

10.1 MAGNIFICATION CALIBRATION-- Magnification calibration
must be done at the fluorescent screen and must be performed at
the magnification used for fiber counting, generally 10,000 and
20,OOOX. Calibration is performed using a grating replica (e.g.,
one containing at least 2,160 lines/mm). Define a field of view
on the fluorescent screen either by markings or physical
boundaries. The field of view must be measurable or previously
inscribed with a scale or concentric circles (all scales should
be metric). If the instrument contains a tilting stage
(goniometer), the z-axis must be adjusted to ensure that the
stage is in the eucentric position prior to performing any
measurements. A logbook must be maintained with the dates of the
calibration recorded. Frequency of calibration will depend on
the service history of the instrument. It is recommended that
calibrations be performed monthly to establish the stability of
the magnification. Also, the calibration should be checked
following any maintenance of the microscope involving adjustment
of the lens or high voltage power supplies or the disassembly of
the electron optical column apart from filament exchange.

10.2 CAMERA CONSTANT— The camera length of the TEM in the
electron diffraction (ED) mode must be calibrated before ED
patterns of unknown samples are observed. This can be achieved
by using a carbon-coated grid on which a thin film of gold has
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been sputtered or evaporated. A thin film of gold can also be
evaporated on the specimen grids to obtain ED patterns
superimposed on the ring pattern from the polycrystalline gold
film. In practice, it is desirable to optimize the thickness of
the gold film so that only one or two sharp rings are obtained on
the superimposed ED pattern. Thicker gold films will tend to
mask weaker diffraction spots from the fibrous particulates.
Since the unknown d-spacings of most interest in asbestos
analysis are those which lie closest to the transmitted beam,
multiple gold rings from thicker films are unnecessary.
Alternatively, a gold standard specimen can be used to obtain an
average camera constant on a regular basis for each TEM in the
laboratory. The stage must be at the eucentric position for this
calibration. The camera constant calculated for that particular
instrument can then be used for ED patterns of unknowns taken
during the corresponding period.

10.3 SPOT SIZE— The diameter of the smallest beam spot at
crossover must be measured regularly. Photograph the beam at
crossover at 20,000 to 25,OOOX at a short exposure setting (to
avoid spreading of the exposed spot on the film). Measure the
diameter on the negative and divide by the magnification used.



TABLE 2.

Unit Operation

Sample Receiving

Sample Prep

SUMMARY OF LABORATORY DATA QUALITY OBJECTIVES

PC Check Frequency
Expectation

Sample Analysis

Performance

Review chain-of-
custody and
sampling data

Each sample

Conformance

95% complete

Supplies and
reagents

Grid opening
size

Clean area
monitoring

Lab blank

Etcher blank

23 grids/sample

System check

Alignment check

Mag calibration

Camera constant

EDS Cu K line

Lab blank

On Receipt

20/20 grids/
lot of 1000
or I/ sample

After service

I/series or
10%

1/20 samples

Each sample

Each day

Each day

Monthly or
after service

Weekly

Each day

1/prep series

Meet specs.

100%

Meet specs.

Meet specs.

75%

270% intact
openings

Each day

Each day

95%

95%

95%

Meet specs .

Replicate count

Duplicate count

Analysis of
standards

Analysis of SRM

Data entry

Record and verify
SAED patterns

or 10%

il/100 samples l.SXPoisson
std dev.

si/100 samples 2XPoisson
std. dev.

Training and
comparison with
unknowns

1 per analyst
per year

Each sample

1/5 samples

100%

Calculations Hand calculation of 1/100 samples
automated data
reductions or 2nd

analyst check of manual calcs.

The resulting figure must be <250 nm.

io

1.SXPoisson
std dev.

95%

80%
accuracy

85%



10.4 EDXA SYSTEM— The resolution and calibration of the
EDXA must be checked at least monthly and after service.
Initially, the system is calibrated by using two reference
elements to calibrate the energy scale of the instrument
according to the manufacturer's instructions. This can easily be
done using a carbon-coated copper grid upon which a thin film of
aluminum has been evaporated. The Al and Cu K peaks should be
centered at 1.48 KeV and 8.04 KeV respectively. The deviation
from these energies should be no more than ±10eV. The ability of
the system to resolve the sodium K line from the copper L line
should be confirmed by obtaining a spectrum from a standard
crocidolite sample on a copper grid. Additional resolution
checks are usually found in the manufacturer's instruction
manual. K-factors relative to silicon should be calculated for
Na, Mg, Al, Si, Ca and Fe using NIST SRM 2063. The k factor for
Mg to Fe must be calculated; a value of 1.5 or less is required.
EDXA spectra should be obtained from NIST traceable standards and
kept on file in the laboratory for comparison with published
standard spectra and unknown spectra.

11.0 PREPARATION AND ANALYSIS

11.1 If the water samples are suspected to contain high
levels of organic contaminants, or have been stored for periods
longer than 48 hours, oxidation of the organics by the ozone-
ultraviolet technique (1) may be necessary. Details for this
procedure appear in Appendix 1.

11.2 Wet-wipe the exterior of the sample bottle before
entering the clean area used for specimen preparation. The
sample prep area should be separate from the areas used for bulk
sample or air sample preparation to avoid possible cross-
contamination. Sample filtration should take place in a positive
pressure HEPA filtered hood.

11.3 The use of vertical sided 25 or 47 mm diameter glass
filtration systems with a sintered glass frit support is
recommended to avoid loss of fibers by settling on tapered sides
of the reservoir. Disposable plastic funnel assemblies may be
substituted for glass apparatus. A few precautions must be taken
with re-usable glassware to ensure optimum sample preparations.
All glassware should be carefully washed in a detergent solution
with a brush before each use and rinsed several times in fiber-
free water. Any glassware that has contained asbestos in
solution should be placed in soapy water and scrubbed before it
has had the opportunity to dry. Sonication in a detergent
solution is also recommended. Frequent blanks should be run with
fiber-free water to check cleanliness of the apparatus.

11.4 Unwrap an unused disposable plastic filter funnel unit
and remove the tape around the base of the funnel. Remove the
funnel and discard the top filter membrane supplied with the
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unit. Do not remove the coarse polypropylene support pad.
Assemble the unit with the adapter and a properly sized neoprene
one-hole stopper, and attach the assembly to the 1000 mL vacuum
flask.

11.5 Whether using a glass or plastic filtration unit, care
must be taken to ensure that the filter support and the mating
surface of the filtration base not be damp when the backing
filter is placed on the support. If this should occur, the
vacuum across the filtration surface will be uneven, resulting in
uneven distribution of the filtered particulates. Either the
filtration base must be thoroughly dried before use, or
completely wetted so that the backing filter and filtration
membrane are uniformly wet before filtration is started.

11.6 DISPOSABLE FILTER UNIT— Wet the support pad with
distilled water, i.f desired, and place a 5 pm pore-size MCE
backing filter on the pad. Place a ^0.22 urn pore-size MCE filter
membrane on the backing filter. Ensure that both filter
membranes are completely wet, or dry depending upon the technique
preferred. Apply a vacuum to the flask and ensure that the
filters are centered and pulled flat with no entrapped air
bubbles between the membranes. If any irregularities are seen on
the filter surface, discard the filters and try again. Replace
the funnel and seal the assembly with tape.

11.7 REUSABLE GLASS FILTER UNIT

a. (Dry Filter) Apply vacuum to the flask and leave the
vacuum on until the filtration process is completed. Place a <5
pm pore-size MCE filter on the glass frit to serve as a backing
filter. Be sure that the filter is not creased during
installation. If the filter appears to absorb water, it should
be discarded and the frit rinsed with methanol to speed drying.
Place a ^0.22 pm pore-size MCE filter membrane on the backing
filter. Make sure that the mating surface of the filter
reservoir is dry, then place it on the filters and clamp in
place.

b. (Wet Filter) Wet the glass frit and place a 5 pm pore-
size MCE filter on the frit to serve as a backing filter. Place
a <0.22 pm pore-size MCE filter membrane on the backing filter.
Make sure that both membranes are thoroughly soaked with water.
Install the filter reservoir and clamp in place.

11.8 A process blank sample consisting of fiber-free water
should be run before the first field sample. The quantity of
water should be ^10 mL for a 25 mm diameter filter and ^50 mL for
a 47 mm diameter filter.
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11.9 Shake the capped sample bottle vigorously by hand and
place in a low power ultrasonic bath for 15 minutes. Shake the
sample by hand again before removal of any aliquots.

11.10 Remove the desired aliquot from the original sample.
Large volumes may be measured with a graduated cylinder, smaller
volumes should be taken with disposable glass pipettes. Samples
taken by pipette should be taken from the vertical center of the
original sample. No aliquot less than 1 mL should be taken from
the original sample. The minimum volume that should be filtered
is 10 mL for a 25 mm diameter filter, or 50 mL for a 47 mm
diameter filter. If it is necessary to filter aliquots less than
these volumes, the aliquots should be brought up to these levels
with fiber-free water and shaken vigorously before filtration.
Obtaining a filter with the proper loading is a matter of trial
and error. It is best to filter several volumes of the sample.
Samples with high particulate or asbestos content may require
volumes less than 1 mL to be filtered. In this case, preparation
of serial dilutions must be performed.

11.11 Agitate the aliquot and pour into the filter
reservoir. Apply vacuum to the flask. When volumes larger than
the capacity of the reservoir have to be filtered, the additional
solution should be carefully added while the reservoir is over
half full to avoid disturbing the particulates already deposited
on the filter. Do not rinse the sides of the reservoir.

11.12 If a re-usable glass reservoir is used, immediately
remove the reservoir and place in soapy water.

11.13 Disassemble the filtration apparatus and remove the
filters with clean forceps. Carefully separate the working
filter from the backing filter and discard the backing filter.
Place the working filter in a pre-cleaned disposable petri dish
and cover.

11.14 Allow filter to dry. Drying may take place in a HEPA
filtered hood, an asbestos-free oven, or a cabinet type
desiccator. The cover of the petri dish should be opened
slightly to allow water vapor to escape.

11.15 Using a clean scalpel remove a portion of the dry
filters for preparation of TEM grids by the direct transfer
technique. Be sure to avoid the outer ring of the filter that
was covered by the mating surface of the reservoir. Transfer the
removed portion to an unused petri dish.

11.16 A portion of an unused filter should also be prepared
as a lot blank.

11.17 MCE filters must be collapsed prior to low temperature
etching. Use of either the DMF-Acetic acid method or the acetone
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method is acceptable. Samples should be transferred to an
exhaust hood for this step.

a. DMF-ACETIC ACID METHOD— Place a drop of the clearing
solution (35% dimethylformamide [DMF], 15% glacial acetic acid
and 50% water [V/V] on a clean microscope slide. Use just enough
solution to saturate the filter. DMF is a relatively toxic
solvent and should be used in a fume hood. Carefully lay the
filter segment, sample surface upward, on top of the solution,
bringing the filter and solution together at an angle of about
20° to help exclude air bubbles. Remove any solution not
absorbed by the filter with lens paper. Label the slide with a
glass scribing tool or a permanent marker. Place the slide into
an oven, or on the surface of a hot plate, at 65-70°C for 10 to
30 minutes.

b. ACETONE METHOD— Place the filter section on a clean
microscope slide. Affix the filter section to the slide with
tape around the edges. Label the slide with a glass scribing
tool or permanent marker. Place the slide in a petri dish
containing several paper filters soaked with acetone. Cover the
dish and wait for the sample to fuse and clear (approximately 5
minutes).

c. Plasma etching of the collapsed filter is required if
0.22 um pore-size membrane filters are used. Plasma etching is
optional (but recommended) with 0.1 pm pore-size filters. The
microscope slide to which the collapsed filter pieces are
attached is placed in a low temperature plasma asher. Because
plasma ashers vary greatly in their performance, both from unit
to unit and between different positions in the asher barrel, it
is difficult to specify the conditions that should be used.
Insufficient etching will result in a failure to expose embedded
fibrils, and too much etching may result in loss of particulate
from the surface. It is recommended that conditions be used
which will remove about 10% of the filter mass. Additional
information about calibration of the plasma asher can be found in
the AHERA (3) and NISTIR (4) documents.

11.18 CARBON-COATING FILTER SEGEMENTS

a. Coating must be performed with a high-vacuum evaporation
unit equipped with a rotating tilting stage. Units based on
evaporation of carbon filaments in a vacuum generated only by an
oil rotary pump have not been evaluated for this application and
must not be used. The carbon rods should be sharpened by a
carbon rod sharpener to necks of about 4 mm long and 1 mm in
diameter. The rods are installed in the evaporator in such a
manner that the points are approximately 10 cm from the surface
of the microscope slide.
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b. Affix the glass slide to the rotating tilting table and
evacuate the chamber to a pressure of ^0.013 Pa. The evaporation
must be performed in very short bursts, separated by some seconds
to allow the electrodes to cool to avoid overheating the surface
of the filter. An experienced analyst can judge the thickness of
the carbon film to be applied, and some tests should be made
first on unused filters. If the film is too thin, there will be
few complete, undamaged grid openings on the specimen and large
particles may be lost. If the coating is too thick, the TEM
image will lack contrast and the ability to obtain selected area
electron diffraction (SAED) patterns will be compromised. A
carbon film that appears similar to a 15% gray scale is usually
adequate.

11.19 Prepare the Jaffe washer. The precise design of the
Jaffe washer is not important, so any one of the published
designs may be used (3,5). Place the washer in a fume hood and
fill with DMF, acetone or l-methyl-2-pyrrolidone to the level of
the screen on which the samples will be placed.

11.20 Place calibrated TEM grids in the Jaffe washer.
Indexed ("Finder") grids or grids with a unique center mark
should be used. The area of the grid square openings must be
determined either by using the TEM at a calibrated magnification
low enough to measure the sides of the opening, or with phase
contrast microscopy at a calibrated magnification (usually 400X).
If the measurements are made by TEM, one grid opening per grid is
measured. For measurement by phase contrast, 20 grid openings
are measured on each of 20 grids and the average size calculated.
The TEM grids are first placed on a piece of lens tissue or
filter paper so that individual grids can be picked up with
forceps. Grids should be placed on pieces of filter paper or on
individual screens and placed in the Jaffe washer. Three or more
grids should be prepared from each sample.

11.21 Using a clean curved scalpel blade, cut 3 mm square
pieces of the carbon coated filter from the glass slide. The
point of the scalpel should be placed on the filter and a rocking
motion used to cut the 3 mm square segments. Squares should be
selected from the center of the filter and at two points between
the outer periphery of the active surface and the center. The
excised filter segments are placed carbon-side up on the grids.
A map of the Jaffe washer should be drawn to keep track of the
samples. Place the lid on the Jaffe washer and allow to stand
until the filter is adequately dissolved (several hours).

11.22 Remove the grids from the Jaffe washer and allow to
dry thoroughly before placing them in marked grid storage boxes
(or other suitable containers).

11.23 Analyze the samples by TEM at an accelerating voltage
of 80 to 120 kV and a screen magnification of 10,000 to 20,OOOX.
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a. Use at least three grids from each filter to obtain the
necessary number of grid openings or structures to reach the
required analytical sensitivity.

b. Carefully load the grid into the sample holder. Orient
the grid so that the grid bars are parallel and perpendicular to
the long axis of the holder. This orientation will align the
grid bars with the X and Y axes of the specimen translation
controls.

c. Scan the grid at a magnification of 250 to 1000X to
determine its suitability for analysis. Reject the grid if:

1. Less than 70% of the grid openings covered by the
replica are intact.

2. The replica is folded or doubled.

3. The replica is too dark or has obviously visible
filter structure because of incomplete dissolution.

4. The grid is too heavily loaded to obtain an accurate
count.

5. The distribution of structures on the grid is
obviously not uniform.

d. Reject individual grid openings with greater than 5% of
their areas occupied by holes or tears in the carbon film.
Reject openings with £25% covered by particulates.

11.24 Examine the.grid openings at 10-20,OOOX magnification.

11.25 Record the length and width of any grouping of
particles in which an asbestos fiber with an aspect ratio >3:1
and a length greater than 10 urn is detected.

11.26 Asbestos structures will be classified as fibers
according to the following rules.

a. Fiber. A structure having a minimum length greater than
10 pm and an aspect ratio (length to width) of 3:1 or greater and
substantially parallel sides without rounded ends.

b. Count an asbestos bundle >10 pm long as a single fiber.
Assign a length equal to the maximum length of any fiber within
the bundle. If the bundle has stepped sides assign a width equal
to an estimate of the mean width of the bundle.

c. Count a matrix as a single fiber if it contains a fiber
or fibers, meeting the length and aspect ratio requirements, with
one free end and the other end embedded in or hidden by a
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particulate. If two ends are visible which appear to be the ends
of a single fiber, the distance between the two ends is measured.
If only one end of the fiber is visible, the fiber will be
assigned a length equal to twice its visible length, except where
this would place the concealed end outside of the particle. In
this case, the length will be recorded as the visible length plus
the diameter of the portion of the particle at the point of the
fiber intersection. If the structure is too complex to be dealt
with in this manner, record the overall dimensions of the
structure but do not include it in the fiber count.

d. Count and record as single fibers the individual fibers
visible with a cluster as long as they meet the fiber definition.
If the aggregate is too complex, record the overall dimensions
but do not include it in the fiber count.

e. Fibers which intersect the top and-left sides of the grid
opening are counted and recorded as twice their visible length.
Fibers intersecting the bottom and right sides of the grid
opening are not recorded.

f. Count only one end of the fiber to avoid the possibility
of counting a single fiber more than once.

11.27 Structures classified as chrysotile must first be
examined by SAED. If the characteristic chrysotile ED pattern is
observed, the fiber will be counted. If no pattern is observed,
or the pattern is not distinctive, the fiber must be examined by
quantitative EDXA. If EDXA is characteristic of chrysotile, the
fiber will be counted. Chrysotile fibers identified by
morphology alone can be recorded but not counted towards the
regulatory limit. The analysts's count sheet must indicate the
method used to verify identity. A modified version of the AHERA
count sheet may be used, which has columns to check off the
method of identification.

11.28 Structures which are suspected to be an amphibole must
first be examined by SAED. If a random orientation ED pattern
with a 0.53 nm layer spacing is obtained, the fiber should be
analyzed by EDXA. If the elements and peak ratios of the spectra
correspond to those of a known amphibole, the fiber will be
counted. If the random orientation ED pattern cannot be
obtained, is incomplete or is not recognizable as a non-amphibole
pattern, but an EDXA spectrum corresponding to a known amphibole
is obtained, the fiber will be counted. Only fibers classified
in this manner or by single or double zone axis SAED can be
included in the regulated fiber count. The count sheet should
indicate method used for identification.

11.29 Record both a typical SAED pattern and x-ray spectrum
for each type of asbestos observed for each set of samples from
the same source, or a minimum of every fifth sample analyzed.
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Record the micrograph number on the count sheet and attach the x--
ray spectrum to the back of the count sheet. If the x-ray
spectrum is stored on disk, record the file and disk number on
the count sheet.

11.30 Record NSD when no structures are detected in the grid
opening.

11.31 Stopping Rules. Counting can be stopped at the
completion of the grid opening in which an analytical sensitivity
of 0.2 MFL is reached, or at the completion of the grid opening
which contains the 100th structure, whichever occurs first. A
minimum of 4 grid openings must be analyzed even if this results
in the counting of more than 100 asbestos fibers over 10 urn in
length.

11.32 The grid openings examined must be drawn approximately
equally from the three grids used in the analysis.

11.33 After completion of analysis, remove the grid from the
microscope and replace in the labelled specimen storage box.
Sample grids must be stored for a minimum of three years from the
date of analysis. Sample filters may also be archived if
desired.

12.0 DATA ANALYSIS AND CALCULATIONS

12.1 Calculation of results. The concentration of asbestos
in a given sample is calculated using the following formula:

no str x efa * RD
GO x GOA x v x 1000

where--
no str = number of asbestos fibers counted

efa = effective filter area of the sampling filter in
mm2

RD = dilution ratio of original sample (if applicable)

GO = number of grid openings counted

GOA = area of grid openings in urn2

V = original volume of sample filtered in ml.
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12.2 The following information must be reported for each
sample analyzed:

a. Mean concentration of asbestos in million fibers
per liter.

b. Upper and lower 95% confidence limits on the mean
concentration.

c. Aliquot used for analysis and dilution factor (if
any) .

d. Effective filter area.

e. Total area of filter examined.

f. Number of asbestos structures counted.

g. Analytical sensitivity.

h. Copies of the TEM count sheet, if requested.

i. Number of structures which were too complex to
classify, and number of suspected chrysotile and amphibole
fibers which could not be positively identified.

13.0 METHOD PERFORMANCE

13.1 Limitations of accuracy can result from errors in
identification of asbestos structures. Complete identification
of every fiber is not possible due to both instrumental
limitations and the nature of some of the fibers.

a. The requirement for a calibrated SAED pattern eliminates
the possibility of an incorrect identification of chrysotile
fibers. . However, it is not always possible to obtain a
satisfactory diffraction pattern from every fiber. The only
significant possibilities of misidentification occur with
halloysite, vermiculite scrolls or palygorskite, all of which can
be discriminated from chrysotile by the use of EDXA and by
observation of the 0.73 nm (002) reflection of chrysotile in the
SAED pattern (1).

b. Complete identification of all amphibole fibers is not
practical due to instrumental factors, the nature of some of the
fibers, and limitations of time and cost. Particles of a number
of other minerals having compositions similar to those of some
amphiboles could be mistakenly classified as amphibole when zone
axis SAED is not used. However, quantitative EDXA measurements
on all fibers as support for the random orientation SAED patterns
makes misidentification unlikely. The possibility of
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misidentification is further reduced with increasing aspect
ratio, since many of the minerals with which amphibole may be
confused do not display its prominent cleavage parallel to the c-
axis (1) .

13.2 Limitations of accuracy can also result from the
overlapping of structures by other (nonasbestos) particulates.

13.3 Inadequate dispersion of fibers can occur if enough
organic contaminants were present in the original sample to cause
adhesion of the fibers to the container walls or each other.

13.4 Contamination of the aliquots by asbestos during
preparation in the laboratory can lead to inaccuracy of results.
This is a particular problem with chrysotile, and should be
carefully monitored by preparation of blank samples.

13.5 This method has not yet been subjected to an inter-
laboratory test round. Precision measurements for EPA intra-
laboratory comparisons of results from multiple operators using
three TEMs produced a relative standard deviation (RSD) of 26.5%
for MCE filters and 25.5% for PC filters for fibers over 10pm in
length in standard samples. For similar methods, precision
measurements for intra-laboratory comparisons have been found to
have an RSD of 13 to 22 percent for standard and environmental
water samples, with an RSD of 8.4 to 29 percent for inter-
laboratory comparisons (1). Statistical formulae for the
establishment of confidence limits on the laboratory results can
be found in Chatfield and Dillon (1). An earlier study found an
inter-laboratory reproducibility of 25 to 50 percent in standard
samples (6). Accuracy measurements from inter- and intra-
laboratory studies have demonstrated an RSD of 17 percent for
standard chrysotile suspensions and an RSD of 16 percent for
standard crocidolite suspensions (1).

13.6 The detection limit will depend upon the concentration
of asbestos in the original sample and the constraints of time
and cost of analysis. The detection limit can be improved by
increasing the amount of water filtered, increasing the number of
grid openings counted or decreasing the size of the filter used
(when practical). Samples containing a high level of
particulates will necessarily have a higher detection limit.

14.0 POLLUTION PREVENTION

14.1 It is the laboratory's responsibility to comply with
all federal, state and local regulations governing waste
management, particularly the hazardous waste identification rules
and land disposal restrictions, and to protect the air, water and
land by minimizing and controlling all releases from fume hoods
and bench operations. Also, compliance is required with any
sewage discharge permits and regulations. For further
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information on waste management, consult "The Waste Management
Manual for Laboratory Personnel", available from the American
Chemical Society.
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APPENDIX 1

OZONE-ULTRAVIOLET OXIDATION TECHNIQUE

1. Assemble and operate the oxidation apparatus under an
exhaust hood.

2. Place each sample bottle in the ultrasonic bath for 15
minutes.

3. Mark the level of liquid in each sample bottle using a
waterproof marker.

4. Wash a quartz pipet thoroughly and attach to the ozone
supply.

5. Suspend the pipet in the sample so that the tip is close
to the bottom of the bottle.

6. Wash the UV lamp and immerse in the sample prior to
turning the power supply on.

7. At an ozone concentration of 4% in oxygen, adjust flow to
approximately 1 liter per minute. Treat for 3 hours. At other
ozone concentrations, adjust the oxidation time so that each
sample receives about lOg of ozone. Gas flow should be
sufficient to produce a mixing action without splashing sample
out of the bottle.

8. When oxidation is complete, remove the UV lamp and quartz
pipet, recap the bottle and sonicate for 15 minutes.

9. If the water level has fallen, add known fiber-free water
to bring it back to the original level marked on the bottle.
Sonicate for 15 minutes.

10. Proceed with removal of aliquot and filtration
immediately.
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1.0 PURPOSE

The purpose of this standard operating procedure (SOP) is to specify the proper methods and
protocols to be used to identify and quantify the number and type of asbestos fibers found in soil
samples using scanning electron microscopy (SEM) and energy dispersive x-ray spectroscopy
(EDS). The SEM/EDS technique, instrument operation protocols, sample preparation, sample
analysis, and quality assurance/quality control procedures developed for this method are
discussed in the following sections.

2.0 SCOPE AND APPLICATION

2.1 This method is designed for the identification of asbestos fibers in talc-free (fibrous) soil
by SEM/EDS. It is recognized that there is an inherent limitation in the use of SEM
for mineral identification. This limitation is the inability of the SEM to perform
selected area election diffraction (SAED.

2.2 Table 1 lists the specific asbestos fibers (e.g., actinolite, chrysotile, etc.) for which
instrument sensitivity, method precision and accuracy, and the optimum instrument
conditions have been developed.

The appropriate table will be provided after results from the Performance
Evaluation Study (EPA 2000) are available. Additionally, the table will be
updated as new precision and accuracy data are generated.

3.0 RESPONSIBILITIES

3.1 . It is the responsibility of the laboratory supervisor and/or designates to ensure that all
analyses and quality assurance procedures are performed in accord with this SOP. It is
the responsibility of the laboratory supervisor to communicate anticipated situations that
require any deviation from the SOP and must receive approval for the deviation before
proceeding with sample preparation and analysis. Additionally, the laboratory supervisor
must immediately communicate with oversight agencies or personnel any unforeseen
deviations that occur during sample handling, preparation, or analysis.

3.2 Microscopists must be trained and experienced in identification and quantification of
asbestos fibers. Further, SEM technicians must perform a proficiency test and/or
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performance evaluation prior to analysis of field samples (Section 10.3).

4.0 METHOD SUMMARY

4.1 Prior to analysis, samples must be prepared using appropriate sample preparation
methods (Section 6.0).

4.2 After sample preparation and mounting, soil samples are viewed using SEM and EDS.
Any one of six data collection methods must be selected to identify and quantify asbestos
in soil. These are:

Method A Total Asbestos Content only (No Plates)
Method Ap Total Asbestos Content only (With Plates)
Method B Total Asbestos Content and Protocol Fiber Size Distribution (No Plates)
Method Bp Total Asbestos Content and Protocol Fiber Size Distribution (With Plates)
Method C Total Asbestos Content and Total Fiber Size Distribution (No Plates)
Method Cp Total Asbestos Content and Total Fiber Size Distribution (With Plates)

The methods differ in how the detected asbestos fibers are measured and reported. The
Total Asbestos Content technique provides an estimate of the mass percent of asbestos
present in a sample, and is the least labor-intensive analytical technique. Total and
Protocol Fiber Size Distribution techniques require fiber counting and sizing. The data
collection method selected will depend on the technical and economic requirements of the
project. Oversight agencies will provide a project plan or similar document that provides
the rationale for the data collection method of choice. Each data collection technique is
described below.

Total Asbestos Content. The amount of asbestos present in the soil sample is
estimated and reported in units of mass percent.

Total Fiber Size Distribution. All asbestos fibers observed in the soil are
identified, counted, and sized. Fiber counting rules are provided in the ISO 10312
Method (1995). Results are reported in two ways: 1) Raw data as individual fiber
identity and size (Refer to the Data Collection Logsheet - Attachment 1); and 2)
Number of asbestos fibers per gram of material.

Protocol Fiber Size Distribution. "Protocol" fibers are defined as asbestos fibers
with aspect ratios of 5:1 or more, where the minimum fiber diameter is <0.5 urn
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and fiber length is >5.0 urn. Counting rules for protocol fibers are provided in the
ISO 10312 Method (1995). All protocol asbestos fibers observed in the soil are
identified, counted, and sized to obtain the Protocol Fiber Size Distribution.
Results are reported in two ways: 1) Raw data as the size and identity of
individual protocol fibers; and 2) Number of protocol asbestos fibers per gram of
material.

5.0 APPARATUS AND MATERIALS

Scanning Electron Microscope fitted with Energy Dispersive X-ray Spectrometer with the
following attributes:

For SEM:

Minimum Resolution: Having the ability to resolve a fiber 0.2 urn in
diameter
Accelerating Voltage: 1 to 25 kV
Minimum Range of Magnification: x 10 to 180,000
Imaging Mode: SEI (secondary electron image)
Micron marker and magnification display on viewing screen
Scan Rotation Accessory is recommended but optional

For EDS:

• Detector resolution having the ability to resolve Na, Mg, Al, Si, Ca, and Fe
peaks in SRM 1866a and 1867 materials

• Analyzer capability of continuum background subtraction

Other Ancillary Equipment:

Analytical balance - accurate to 0.0001 g, range of 0.0001 g to 100 g.

Stainless steel or aluminum scoop, spoon or spatula - for transferring samples.

#10 mesh stainless steel sieve and catch pan - for coarse sieving sample to a
particle size of less than 2 mm.

Gloves - for personal protection. May be plastic or latex. Disposable, powderless.
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Laboratory logbook -used to record progress, any problems or observations.

Permanent marking pen - used to complete laboratory logbook notes.

Mortar and pestle - used for bulk sample homogenization.

General purpose laboratory oven - used for drying samples; capable of housing
several samples at a time; must be capable of maintaining a constant temperature
of approximately 103-105 °C.

Sample drying trays - capable of holding an even layer of the complete sample
volume of each sample. To minimize the decontamination effort, disposable
drying trays are recommended.

Porcelain crucible - used for sample ashing.

Negative Air Pressure. HEPA-filtered Hood - used to capture airborne dust,
fibers, and other potential contaminants.

Muffle furnace - used for sample ashing.

Desiccator or glass petri dish - used for temporary storage of sample-mounted
stubs.

Stub - used to mount samples for SEM analysis made of metal such as aluminum;
covered with double stick carbon tape to secure the sample.

Sputter coater or carbon vacuum evaporator - The sputter coater is used to apply a
layer of gold to the prepared SEM sample. Alternatively, a carbon vacuum
evaporator may be used to apply a carbon or gold layer to the prepared SEM
sample.

6.0 SAMPLE PREPARATION

6.1 General

Sample preparation must take place in a room that is free of asbestos fibers. It is recommended
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that sample preparation and analysis be performed in separate rooms. Sample preparation should
at minimum be performed under a negative air pressure, HEPA-filtered hood.

6.2 Bulk Soil Sample Preparation (Frasca, et al. 2000)

Field sample collection and preparation will be performed in accord with the Soil Sample
Preparation SOP (SOP #ISSI-LffiBY-01). All samples submitted to the laboratory for SEM/EDS
analysis will be representative of the sample as a whole. That is, the sample should be minimally
prepared and handled prior to submittal to the analytical laboratory. Soil samples received in the
laboratory, must be dried and sieved to particle size less than 2 mm. The steps for drying and
sieving are provided below.

Bulk Soil Drying

Determine the dryness of the sample by performing a "squeeze test". Squeeze a portion of the
sample between a freshly gloved thumb and forefinger. Sample dryness is indicated by a lack of
cohesiveness in the soil. If the sample is already dry, no further drying is required. However, if
the sample is moist, dry the sample as outlined below.

Set the oven temperature to 103-105 °C (not to exceed 115 °C). Prior to drying each sample,
record the weight on the Sample Preparation Logbook Sheet (Attachment 2). Spread the sample
on the drying tray in an even layer to promote even drying. Mark each tray with the sample ID
number. Check the oven temperature to verify that the proper temperature has been reached.
When the appropriate temperature is achieved, place the drying trays containing the samples in
the oven. Leave the samples in the oven until they are completely dry (e.g., stable mass readings
obtained 15 minutes apart). Record the weight after drying on the Sample Preparation Logbook
Sheet.

Sieving

Soil Particulates larger than 1 mm in size are typically too large to be practically mounted for
view using the SEM and therefore must be removed. Each sample is passed through a clean #10
stainless steel, or approximate equivalent, sieve. Non-platy particulates that are greater than 1
mm in size (particulates that are retained by the sieve) must be weighed (Wc) and reserved for
analysis via Stereoscopic and Polarized Light Microscopy (PLM) (See Section 8.0). Remove any
visible platy structures (i.e., vermiculite, biotite, etc.) present in the unsieved portion with
tweezers and weigh them separately (Wp)- Since asbestos fibers lying on the surface of the plates
would go undetected by visual microscopy, these structures must be viewed with SEM. Any
visible asbestos structures retained by the sieve are combined with the sieved material for later
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homogenization. The fine soil fraction (particulates less than 1 mm in size) with the recombined
visible asbestos structures from the sieved portion is also weighed (Wf). Record the sample
masses for both soil fractions on the laboratory Logsheet (Attachment 2). Decontaminate the
sieve between samples using decontamination procedures described in Section 11.0.

6.3 SEM Sample Preparation

The soil must be further prepared for SEM analysis. Prior to mounting onto a SEM stub, the soil
must be homogenized, and if necessary ashed and acidified

Ashing

Soil samples containing visible (by eye or macroscopically) amounts of organic material (e.g.,
leaves, twigs, grass, etc.) must be ashed prior to mounting the sample. Accurately weigh
approximately 2-5 grams of material and record the mass (Attachment 2). Place the material in a
porcelain crucible with cover and place in a muffle furnace at 450 ±5 °C, for 3-6 hours, or until
no further mass loss is observed. Cool, reweigh and calculate percent organic loss. Record the
final mass and percent organic material lost.

Acid Treatment

Soils containing significant amounts of calcium carbonates to interfere with the analysis are
further treated with concentrated hydrochloric acid (HC1). Place the sample into a small beaker
and add enough HC1 to completely cover the residue. Typically, 2 times the volume of the
sample is an appropriate volume of acid. Allow the sample to react for about 15 minutes or until
the sample is dry. Record the dry weight of the residue and calculate percent loss.
Note: Acid treatment may alter or remove asbestos fibers from the matrix.

Homogenization

The large asbestos structures retained by the sieve are added to the sieved soil and together they
are ground down and homogenized with a mortar and pestle. The coarse portion of the soil
retained by the sieve will contain relatively large rocks creating unnecessary background and is
not included in the homogenization process.

Mounting the Sample

A strip of 8 mm wide double stick carbon tape is placed on the Al SEM stub and placed in an
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upright, horizontal orientation. The mortar and pestle ground material is deposited with a clean
micro-spatula. Upon careful distribution of the soil sample using a micro-spatula, the edge of a
clean glass slide is used to gently scrape the material into an approximate monolayer. The flat
surface of the glass slide is then used to press the sample onto the double-sided carbon tape used
as a mounting medium. This serves to increase the surface area in contact with the conductive
surface and to provide improved adhesion. The sample is then coated with a thin layer of gold
using a sputter coater or with carbon or gold in a vacuum evaporator. This process provides a
source of secondary electrons, which are responsible for generating the SEM image and also
renders, the sample electrically conductive preventing charging of the sample. The procedures
for each of these techniques are provided below.

Carbon Coating. Carbon may be evaporated onto the sample by running a current through
sharpened carbon rods at pressures of <10" Torr. Likewise, gold wire secured within a
tungsten basket can be evaporated onto the sample. Coating with carbon only will
generally, provide a better signal to noise especially for the low energy peaks, but will
however generally result in a noisier image.

Sputter Coating. Gold may be sputtered onto the sample at pressures of <0.1 Torr,
preferably, but not necessarily, consisting of backfilled dry argon gas. Typical current
settings are between 20-40 milliamps (mA) and duration of coating is approximately 30-
60 seconds. Actual conditions and settings may vary among instruments. Too much gold
may compromise the quality of the EDS spectrum, especially at the lower energy end,
while too little may reduce the intensity of the image and result in undesirable "charging"
effects, which not only perturb and distort the image, but potentially may also dislodge
and eject asbestos fibers from the sample.

7.0 SEM/EDS ANALYTICAL REQUIREMENTS

Asbestos libers will be characterized by two key parameters: identification and quantification.
That is, the sample will be identified by classifying the asbestiform material (e.g., Libby
amphibole chrysotile, etc.). The sample will be quantified using one of the six Methods A, Ap,
B, Bp> C, or Cp (Section 4.2) by estimating asbestos content and/or classifying the length and
diameter of the asbestos fibers. The steps necessary to characterize the asbestos in soil samples
are provided in the subsequent sections.

7.1 General

Sample analysis must take place in a room that is free of asbestos fibers. It is recommended that
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sample preparation and analysis be performed in separate rooms. To prevent cross contamination
of samples, only one sample should be mounted onto a SEM stub at a time. Furthermore, SEM
stubs containing the samples should be stored either in a large dessicator or in glass petri dishes.
Plastic petri dishes must not be used for carrying or storing samples since loosely anchored
asbestos fibers (and especially those classified AS Libby amphiboles, which exhibits particularly
strong electrostatic effects) may be pulled off the sample stub onto the cover of the plastic petri
dish.

7.2 Maintenance

Periodic instrument maintenance should be performed as necessary in accord with
manufacturer's recommendations. All maintenance activities must be recorded in an instrument
maintenance logbook (Attachment 3).

7.3 Standards

Standard Reference Materials

Standard reference materials (SRMs) are used to compare known fibrous materials with
unknown field samples. The following SRMs should be retained at the analytical laboratory for
comparison and verification including standards of the six asbestos minerals (Chrysotile,
Anthophyllite, Actinolite, Tremolite, Amosite & Crocidolite) as provided by the National
Institute of Standards and Technology (NIST SRM 1866a and SRM 1867). Additional Libby
Amphibole reference material and a glass film reference will be supplied to all associated
laboratories by the USGS.

Calibration Standards

The following standards are recommended to be used for instrument calibration purposes. All
procedures shall be carried out as per manufacturer's specifications for each individual
instrument utilized for this method.

Magnification Grating. Magnification gratings (obtained from E.F. Fullam or
appropriate vendor) are used to calibrate the true magnification of the microscope.

Manganese Standard. Manganese (obtained from the NBS or appropriate vendor) is used
to calibrate the resolution of the EDS detector.
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Intensity Calibration. Perform calibration in accordance with manufacturer's
specification.

7.4 Initial Calibration Procedures

The SEM and EDS must be calibrated with four different calibration standards as outlined in this
section. Instrument calibration must be performed at the following minimum frequency: 1) prior
to initial receipt of field samples; 2) monthly after the first calibration; and 3) immediately after
any maintenance activities are performed. In the event that any one of the four calibration
standards do not meet the acceptance criteria provided below, further instrument maintenance or
other corrective action(s) may be necessary. Analysis of investigative samples may not proceed
until the instrument is properly calibrated.

Magnification Calibration. Insert the Magnification Grating into the SEM and obtain an image at
10X, 200X, 2,OOOX and/or 10,OOOX magnifications, as appropriate. The magnification
calibration shall fall within + 5% of the certified values as indicated in the calibration standard
manufacturer's specifications. Record the results on the Data Collection Logsheet (Attachment
1).

Peak Centroid Calibration. Insert the Aluminum/Copper standard (or other appropriate standard)
into the SEM and energize the filament to the appropriate energy (10-20 KeV). Acquire an EDS
spectrum adjusting the SEM probe current setting to achieve a count per second rate of 1000 to
2000. Adjust the standard to enable acquisition of x-rays so that the aluminum and copper peaks
are approximately the same height. Once the peak heights appear correct, acquire a fresh
spectrum for a gross count of greater than 10,000. With the channel cursor, measure the peak
centroids of both the aluminum and the copper Kct peaks. Record the results on the Data
Collection Logsheet. The centroid of the aluminum peak should correspond to 1.487 (±0.01)
KeV and the copper should correspond to 8.047 (+0.01) KeV. In the event that the peak centroids
do not correspond to the appropriate energy reading (in KeV), then an alignment must be
performed before proceeding.

Resolution Calibration. Insert the Manganese standard into the SEM and energize the filament to
the appropriate energy (10-20 KeV). Acquire an EDS spectrum adjusting the SEM current
setting to achieve a count per second rate of 1000 to 2000. Broaden the KeV scale to clearly
view the region around manganese (5.2 to 6.5 KeV). Once the reading appears correct, acquire a
fresh spectrum for a gross count of greater than 10,000. Perform a background correction and
note the total counts for the peak centroid. Divide the peak centroid counts by 2 (one half
maximum) and mark the low and high KeV channels that closely correspond the half maximum
of the peak centroid. Count the number of channels between the low and high half-maximum
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markers. Multiply the number of channels by the KeV per channel rating of the EDS unit for the
resolution. The resolution must be no greater than 175 eV. Record the results on the Data
Collection Logsheet.

Sodium (Na) Sensitivity. To assure low energy detection of the EDXA system, a resolvable Na
ka peak must be measured using a standard crocidolite standard. Perform these measurements in
accordance with manufacturer specifications.

7.5 Continuing Calibration Procedures

Laboratory Control Samples

The initial calibration for the SEM and EDS must be verified daily. An independent Laboratory
Control Sample (LCS) must be analyzed with each analytical batch or once a day, whichever is
more frequent. An analytical batch is comprised of 20 field samples. A LCS is a certified
reference standard or performance evaluation sample that is independent from the calibration
standards and consists of the asbestiform fibers of interest. The acceptance criteria for the LCS is
presented in Table 3. In the event that any LCS does not meet the acceptance criteria, the
analyses will be halted. The LCS and all field samples associated with the analytical batch must
be reanalyzed once the source of problem is identified and resolved.

Currently, an asbestos in soil LCS is not available, but will be prepared
and certified as part of the Performance Evaluation Study (EPA 2000) by
USGS. In addition, the appropriate table will be provided after results
from the Performance Evaluation Study (EPA 2000) are available.
Additionally, the table will be updated as new precision and accuracy data

7.6 SEM/EDS Sample Analysis Procedures (Frasca. et al. 2000)

Operate the SEM at a voltage of 10-25 kV, depending on the optimum operating specifications
unique to the individual instrument. Load the sample onto the SEM. Care should be taken in
loading the sample so as not to mechanically disturb the sample particulates. If charging is
noted, add more gold or carbon coating to the sample (Section 6.3).

Asbestos fiber sizes in the sample can vary significantly. Generally, analysis at lower
magnifications yields a larger area of material that can be counted and/or analyzed in fewer
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magnification fields. However, only the larger the fibers will be seen at low magnification, and
the smaller fibers will be missed. Therefore, more than one magnification must be used. Four (4)
different magnifications will be applied during analysis: 10X, 200X, 2,OOOX and 10,OOOX.
Analysis will progress from lowest to highest magnification. The SEM operator should, when
necessary, proceed to higher magnifications to verify the nature of suspected asbestos fibers from
its telltale asbestiform striations or fiber splitting features. Similarly, the SEM operator should
refer to the EDS spectra for the characteristic elemental composition of the suspect fibers.
Increasing the magnification for suspected fibrous structures may also eliminate a plate-like
structure resting perpendicular to the viewer. Therefore, tilting of the stage is rarely necessary.
After confirming the asbestos nature of the fiber or group of fibers in the field of view, an area
percent estimate of asbestos to total material is obtained and recorded. To ensure uniformity of
area estimates, all laboratories will use the area percent visual estimate aids produced by Dr.
Shu-Chun Su (See attached).

Fiber lengths and diameters are determined with the use of the micron marker and scan rotation
accessory. The smallest diameter visible in the SEM is approximately 0.05 urn, while the fiber
lower limit for identification by EDS is approximately 0.2 um in diameter. These limits may
need to be adjusted upward if matrix interferences are present. Example EDS spectra of several
members of the designated Libby amphibole group (Richterite, Tremolite and Actinolite) are
seen in Figures 1, 2, and 3, respectively.

For both SEM stubs, fiber distribution and asbestos content determination at each magnification
are summarized below. Specific details for asbestos identification and counting rules are
summarized in the ISO 10312 Method. Analysis may cease for each magnification if 100 fibers
are counted or at least 15 acceptable fields of view have been examined (Refer to slide
preparation evaluation under 200X magnification). Fibers, fiber bundles, matrices and clusters
(F, B, M, C, respectively) are recorded on the worksheet where required.

IPX. Set the magnification on the SEM to 10X. Scan the sample. Estimate and record the
asbestos content by estimating the fraction (percent) of the total area that contains
asbestos material present at this magnification. Identify, count, and record all asbestos
fibers >50 um in diameter (Methods A or B). Repeat this for 2-3 fields to view the full
extent of the sample.

200X. Adjust the magnification on the SEM to 200X. Scan the sample. Evaluate the
sample mounting technique by visually assessing whether the fields of view are loaded
uniformly. This is done to avoid "particle stacking" or underloading the stub. Particle
loading must cover at least 70% of the field of view. If less than 70% loading is
observed, and only % asbestos content needs to be determined, the field should not be
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assessed and another field of view selected. If calculating on a per mass basis is required,
than all fibers in all fields must be counted and sized. If greater than 20% of the fields are
rejected due to improper loading criteria, the analysis must cease and the entire sample
must be re-mounted and reanalyzed. Track the sample mounting evaluation on the Data
Collection Logsheet.

Estimate and record the fraction (percent) of the total area that contains asbestos material
present at this magnification. Identify, count, and record all asbestos fibers >2 um and
<50 um in diameter (Methods A or B). Repeat this for 100-200 fields of view or
however many fields are needed to reach the desired sensitivity. The lower the
concentration of asbestos in a particular sample, the greater the number of fields required
to achieve statistical confidence.

2.000X. Re-adjust the magnification on the SEM to 2000X. Scan the sample. Estimate
and record the fraction (percent) of the total area that contains asbestos material present at
this magnification. Identify, count, and record all asbestos fibers >0.5 and < 2 um in
diameter (Methods A or B). Repeat this for 100-200 fields of view or however many
fields are needed to reach the desired sensitivity.

10.000X. Finally, adjust the magnification on the SEM to 10, OOOX. Scan the sample.
The fields of view are selected randomly, in various locations and in such a pattern of
motion, which prevents selection of the same area more than once. Estimate and record
the fraction (percent) of the total area that contains asbestos material present at this
magnification. Identify, count, and record all asbestos fibers >0.05 and <0.5 um in
diameter (Methods A or B). Repeat this for 100-200 fields of view or however many
fields are needed to reach the desired sensitivity.

For the platy structures, estimate the percent content of asbestos.

7.7 Imaging with SEM and EDS

Use the rapid rate-scanning mode from one field to the next to estimate asbestos content or to
count and identify fibers. EDS analysis may be performed with the spot mode. Spectra will be
collected and identified for all Libby amphiboles or other regulated minerals that would cause
the analysis results to exceed 1 %. Thereafter, spectral analysis will continue at a reduced
rate.

Using the photo scanning mode, provide 1 SEM electron micrograph and accompanying EDS
spectrograph for each type of asbestos present in a sample delivery group (SDG). A SDG is
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defined as a single set of samples submitted to the laboratory in one day or every 25 samples,
whichever is more frequent. Assign a unique laboratory identification number to each photograph
and spectrograph and record in logbook. The microscopist may at times determine that unplanned
or "opportunistic" micrographs and spectrographs are necessary. Any opportunistic photographs
taken are also numbered, but must accompany a brief explanation of the reason for taking the
picture. A logbook that tracks the photomicrographs and spectrographs must be maintained. An
example logbook page is provided (Attachment 4).

8.0 STEREOMICROSCOPY AND PLM ANALYTICAL REQUIREMENTS

In order to determine the total asbestos content of a soil sample, the coarse fraction of the bulk
soil sample (sample retained by the sieve) must also be analyzed. These particles may be too
large to be analyzed with the SEM/EDS, but it is conceivable that the asbestos content in this
fraction may significantly affect the reported total asbestos content in the sample. Therefore,
these samples are analyzed for the presence of large asbestos structures via stereomicroscopy,
coupled with PLM (Stereo/PLM) to confirm suspected asbestos fibers. Refer to NIOSH Method
9002 for a discussion of the analytical procedures (NIOSH 1994).

9.0 QUANTIFICATION OF ASBESTOS IN SOIL SAMPLES (Frasca, et al 2000)

Procedures for quantifying the total asbestos content in soil are provided in the following
subsections.

9.1 Total Asbestos Content

The percent of asbestos in the sample (defined as asbestos content) is calculated using measured
results from both the SEM/EDS and the Stereo/PLM. The asbestos content estimated by SEM of
the fine non-platy soil, (SEM)f, and the platy structures, (SEM)p, is determined as follows:

The average field of view asbestos percentage shall be calculated for each magnification used
in the analysis. This is done for both the fine and platy portions of the sample if necessary.
These average percentage composition values will them be summed and a mean value
determined.

= MI + M,
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Where:
MI = Mean percent of asbestos at 10X
M2 = Mean percent of asbestos at 200X
MS= Mean percent of asbestos at 2,OOOX
M4 = Mean percent of asbestos at 10.000X

.(Note: It the opinion ofEMSL that this simple summing and averaging of percentage
estimate may overestimate analyte content.)

This calculation is based on the assumption that an asbestos area percent approximates the
asbestos content in mass percent. This assumption is cautiously reasonable when the fine soil
layer that is mounted onto the SEM stub tends towards a thickness of one-particle, is reasonably
uniform, and if the asbestos concentration on the surface of the plates is representative of the
asbestos concentration within the plates.

The percent of asbestos estimated in the coarse section with the Stereo/PLM {%(PLM>} is then
integrated to that found with the SEM {% (SEM)}-
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%ASB = U%fPLMl)(W,)l + K%£fML^F)(Wf)) + (%gRMic(WI.)}

Wc + Wf + Wp

Where:

Wc = Weight of coarse portion
Wf = Weight of fine material
Wp= Weight of platy material
F = Fraction of residue remaining after the final step in sample preparation (i.e., ashing,
acid treatment)

9.2 Quantifying Fiber Size Distribution

All asbestos fibers will be sized and recorded on the Data Collection Logsheet (Attachment 1)
when necessitated by the quantification method selected (methods B, Bp, C, and Cp.

9.3 Determination of the Number of Fibers Per Gram of Soil

When Total Fiber Size Distribution or Protocol Fiber Size Distribution analysis is required
(methods B, Bp, C and Cp), then the number of fibers per gram of soil is determined as follows:
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Total Number of Fibers

gram of soil

A 10,000*y fi +
M £fx £a

A IQOOOt

— Z^fiplate.
1V1 i=iQc

Total Number of Protocol Fibers = A N fMaenifIcation 10.000X onlv)
gram of soil M na

Where:
A = Area of the entire sample on the stub
M = Mass of the entire sample on the stub
ff= N

a; = Area of one field of view in the SEM at each magnification
ns = Number of fields analyzed at each magnification
Nj = Number of fibers counted in the n fields at each magnification

Asbestos fibers that have been freed from the vermiculite plates or are attached to the surface of
the vermiculite plate are visible with SEM and are counted during the analysis. However, any
fibers that remain trapped within the vermiculite will not be seen (and counted) by the analyst,
resulting in an underestimated fiber count or asbestos content estimate. The higher the content of
vermiculite plates in the soil, the larger the number of fibers which will escape detection. Thus,
the number of fibers per gram of soil reported should be interpreted as a minimum number.

10.0 QUALITY ASSURANCE/QUALITY CONTROL

This section summarizes activities required to ensure that all sample preparation and analysis
activities are of the highest achievable quality.

10.1 Precision

Precision is defined as the agreement between a set of replicate measurements without
assumption or knowledge of the true value. It is a measure of agreement among individual
measurements of the same attributes under prescribed similar conditions. Agreement is often
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expressed as the relative standard deviation (RSD) for a set of replicate measurements. During
method development, analytical precision was assessed by preparing and analyzing the same
sample twice by the same analyst. The RSDs for each fiber type are presented in Table 3. These
values should be used to assess analytical precision.

The appropriate table will be provided after results from the Performance
Evaluation Study (EPA 2000) are available. Additionally, the table will be
updated as new precision data are generated.

Field Duplicates: Field duplicates are co-located soil samples that are collected by the field
personnel, but the laboratory is unaware that the samples are duplicates. These samples serve to
test the precision of the both the field sampling and the laboratory's sample preparation and
analysis. A field duplicate should be performed at a frequency of 5% of all field samples
prepared for analysis (1 laboratory duplicate for every 20 field samples) or 1 per preparation
batch, whichever is more frequent. Consult the site-specific Project Plan for actual frequency
requirements. The RSD for laboratory duplicates must not exceed values presented in Table 3.
Failure to meet acceptance criteria may result in re-analysis and/or re-preparation and re-analysis
of all samples in the analytical batch. If corrective action procedures are not already outlined in
the site-specific Project Plan, contact the oversight agency to discuss the appropriate corrective
action steps.

Laboratory Duplicates: Laboratory duplicates are splits of a well-homogenized sample that is
prepared by laboratory personnel (sample preparation technicians). Because the laboratory is
aware that the samples are duplicates, these samples serve to test the precision of the laboratory's
sample preparation and analysis. A laboratory duplicate should be performed at a frequency of
5% of all field samples prepared for analysis (1 laboratory duplicate for every 20 field samples)
or 1 per preparation batch, whichever is more frequent. Consult the site-specific Project Plan for
actual frequency requirements. The RSD for laboratory duplicates must not exceed values
presented in Table 3. Failure to meet acceptance criteria may result in re-analysis and/or re-
preparation and re-analysis of all samples in the analytical batch. If corrective action procedures
are not already outlined in the site-specific Project Plan, contact the oversight agency to discuss
the appropriate corrective action steps.

10.2 Accuracy

Accuracy is a measure of the closeness of individual measurements to the "true" value. Accuracy
usually is expressed as a percentage of the true value. During method development, analytical
accuracy was assessed by preparing and analyzing replicate LCSs and counting fibers. The
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"percent recovery" for each fiber type is presented in Table 3. These values should be used to
assess accuracy.

The appropriate table will be provided after results from the Performance
Evaluation Study (EPA 2000) are available. Additionally, the table will be
updated as new accuracy data are generated.

Laboratory Control Sample: Laboratory control samples are certified reference standards
(independent from the calibration standards) consisting of several asbestiforms. Because LCSs
are independent of the calibration standards, they are analyzed to verify the accuracy of the
standards used to calibrate the instrument. A LCS must be analyzed with each analytical batch or
once a day, whichever is more frequent. An analytical batch is comprised of 20 field samples.
The LCS will be evaluated based on two parameters and it must meet the acceptance criteria for
both to be considered acceptable. These parameters are: 1) accurate asbestiform identification;
and 2) accurate fiber counting and sizing. Acceptance criteria for the LCS are presented in Table
3. Failure to meet acceptance criteria results in re-analysis and/or re-preparation and re-analysis
of all samples in the analytical batch. If corrective action procedures are not already outlined in
the site-specific Project Plan, contact the oversight agency to discuss the appropriate corrective
action steps.

Method Blanks: An instrument blank is composed of the field sample matrix that is free of the
analyte(s) of interest (e.g., asbestos-free soil). Method blanks are put through the same sample
preparation steps as field samples and are used to discern if laboratory-induced contamination is
present. These samples must be inserted in the analysis stream at a frequency of 5% of samples,
at minimum. Detection of a single asbestos fiber suggests that laboratory-induced contamination
may be present. All associated samples may require re-preparation and re-analysis. If corrective
action procedures are not already outlined in the site-specific Project Plan, contact the oversight
agency to discuss the appropriate corrective action steps.

10.3 Method Proficiency

Each laboratory must demonstrate the ability to accurately and precisely execute the selected
analytical method(s) (Methods A, Ap, B, Bp, C and/or Cp). Analysts and technicians performing
sample preparation or analysis, must participate in a method sensitivity study and proficiency test
before analysis of any field samples may proceed. The laboratory must also repeat this
demonstration whenever new staff members are trained or significant changes in instrumentation
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are made. Proficiency tests must be updated yearly, unless staffing or instrumentation changes
require more frequent testing.

To evaluate the performance of the total analytical process, certified reference samples or
performance evaluation samples must be handled in exactly the same manner as actual field
samples. The following steps must be performed. Prepare and analyze at least 4 replicate
aliquots of each well-mixed reference sample. Reference samples contain various asbestiforms
in a blank or sufficiently characterized soil matrix. Identify and quantify the asbestos using the
same procedures and using the same instrumentation planned to analyze actual field samples.
Calculate the average and the standard deviation of the measured values for each asbestiform
using the 4 results. Compare the reported standard deviation with the range of acceptable values
provided in Table 4. Report the results to the oversight agency.

The appropriate table will be provided after results from the Performance
Evaluation Study (EPA 2000) are available. Additionally, the table will be
updated as new precision and accuracy data are generated.

11.0 DECONTAMINATION

Decontamination (decon) procedures are performed using standard laboratory decontamination
procedures.

12.0 RECORDS

12.1 Analytical Data Forms

Analysts will record information on the initial instrument calibration, and the results of all field
and quality control samples. The size of all asbestos fibers counted must be recorded in
analytical logbook. An example logsheet is attached (Figure 4).

12.2 Photomicrographs

Photomicrographs and EDS spectrographs must be taken for each sample at a rate of 1
photomicrograph and spectrograph per each type of asbestos found per SDG analyzed (Refer to
Section 7.7). Asbestiforms selected for photography must be recorded in a logbook. Each photo
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and EDS spectrograph will be identified by the unique laboratory identification number. Any
opportunistic photographs taken are also numbered, but must accompany a brief explanation of
the reason for taking the picture. An example logsheet is attached (Figure 5).

12.3 Instrument Maintenance Logbook

An individual instrument maintenance logbook should be kept for each piece of equipment in use
at the laboratory. All maintenance activities must be recorded in the appropriate logbook. An
example logsheet is attached (Figure 6).

12.4.1 Data storage and Archival

Electronic Data. Each day of data acquisition, all electronic files will be saved onto two separate
media. For example, the data may be saved onto a computer hard drive, but must also be backed
up onto a type of portable media such as CD-ROM, floppy disc, or tape. Portable media will be
maintained in a single location with limited access.

Hardcopy Data. All data sheets or logbooks, photographs, and spectrographs must be stored in a
secured location with limited access (e.g., locking file cabinet) when not in use.

Copies (hardcopy and electronic) of the raw analytical data will be submitted to the oversight
agency for archival.
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Figure 1

Richterite Site Standard (Libby, MO)
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Figure 2

Tremolite Standard (NIST)
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Figure 3

Actinolite Standard (NIST)
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Reference Charts for Visual Estimate
of Area Percentage in SEM Analysis

(For Monitor Screen with Aspect Ratio 1.64)

Shu-Chun Su, Ph.D.
S & L Consulting International

2002

Technical Standard Operating Procedures SOP No. EPA-LffiBY-01
Environmental Protection Agency, Region 8 Revision No.:2
C:\DOCUME-1\AUT1OA~l.CDM\LOCALS~l\Temp\Temporary Directory 2 for SEM SOP-REVOI_WORKING.zip\SEM SOP-

REVOI_WORKING.doc

Date: 10/06/05



DRAFT 28 August 2002

These charts were specifically created to aid the visual estimation of fibrous
structures in SEM images for the specified screen aspect ratio.

The aspect ratios of the fibrous objects used in these charts range from 12:1 to 20:1,
centering around 16:1, to mimic Libby amphiboles.

For each percentage, three charts were created with different numbers of fibrous
objects to approximate real-world situations.

The area percentages of fibrous objects in all charts have been analyzed using
Image-Pro Plus 4.5 and confirmed to be accurate within ± 0.005% of the specified
values.

For each percentage, one set of positives and one set of negatives are provided so
that an analyst can choose the one that suits his or her vision.

As shown by the charts of 0.5%, 0.8%, 1.0% and 1.5%, it is not easy to visually
ascertain whether the total percentage of asbestos structures in an FOV (field of
view) is above or below 1.0%.

As shown by the charts of 20% and 30%, mental grouping structures together
without the aid of appropriate reference charts tends to overestimate the actual
concentration.

Comments and suggestions to improve these charts are welcome. Please contact
the author at 302-995-3498 or scsu@delanet.com.
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DISCLAIMER

Although this work was completed under contract to the U.S. Environmental Protection Agency,
such support does not signify that the work or the conclusions drawn from the work necessarily
reflect the views and policies of the Agency, nor does the mention of trade or commercial
products constitute endorsement or recommendation for use.

A series of conceptual design figure? are included in this method to assist users with their own
design and construction of an appropriate dust generator for supporting this method. However,
these figures are not to be construed as formal construction drawings and ICF Technology wffl
accept no tiabffity for their reference or use.
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1.0 INTRODUCTION

This is a sampling and analysis method for the determination of releasable asbestos in soils
and bulk materials. Samples are collected in a manner suitable for providing representative
measurements of the releasable fraction of asbestos in the matrix sampled, prepared using a
dust generator, and analyzed by transmission electron microscopy (TEM). Guidelines for
constructing the required dust generator are also Included.

During dust generation, the respirable fraction of the dust generated from the sample is
collected on filters. The filters are then weighed and the cumulative mass of dust collected is
plotted against time to determine the rate of release of dust. Results are extrapolated to
provide an estimate of the total mass of respirable dust in the original sample. The asbestos
released during dust generation is either collected on a filter or in the suspension of a
scrubber (or both), depending on the configuration under which the dust generator is
operated. Filters may be prepared for TEM analysis by either a direct or an indirect transfer
technique. Preparation of the scrubber suspension for TEM analysts is equivalent to an
indirect transfer procedure. Depending on the intended use of the data, the results of
asbestos analyses from this method may be reported either in terms of the number of
structures per unit mass of respirable dust generated from the sample or the number of
structures per unit mass of the original sample.

The method allows for the determination of the mineralogies! type(s) of asbestos that is
present in the sample and for distinguishing asbestos structures from non-asbestos
structures. In this method, asbestos structures are characterized as fibers, bundles, clusters,
or matrices and the length and width of each asbestos structure are measured. Although the
method is designed specifically to provide results suitable for supporting risk assessments alt
Superfund sites, it may be applicable to a wider range of studies.

As reported in this document, the method focuses on requirements for the collection,
preparation, and analysis of samples obtained from individual locations. During a site
investigation, samples will typically be collected from multiple locations that are arranged in
an array designed to provide measurements suitable for deriving a representative (i.e.
unbiased) estimate of the concentration of releasable asbestos over the sampled matrix as a
whole. Thus, proper design of a comprehensive sampling strategy, which includes the
detailed design of the array of sampling locations, is also critical to the success of an
investigation. However, design of a sampling strategy is necessarily site specific and site-
specific considerations are beyond the scope of this document For further guidance on '
developing appropriate sampling strategies, see Berman and Chesson (undated).

This method has not yet been validated. Validation requires completion of a field study in
which airborne exposure concentrations of asbestos caused by the release and transport of
asbestos from soils or bulk materials (under specific conditions) are related to the bulk
measurements of asbestos derived from this method. However, while such a study is in
progress, this ;methpd has already been successfully tested in the laboratory. Such tests
have demonstrated that the method is capable of achieving adequate sensitivity and precision
to support risk assessment. The method also provides asbestos measurements that preserve
the information on the sizes and shapes of asbestos structures that are required to assess
risks. Thus, the principle features of the method are well enough established to allow it to be
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employed in current field investigations. At the same time, until the formal validation study is
completed, this should be considered an interim method.

NOTE

This document is intended to serve several audiences including site project managers,
field sampling teams, data reviewers, and laboratory analysts. The document may be
separated Into segments so that individuals may focus on the sections of most interest
to their particular roles on a project.
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2.0 BACKGROUND

This method was developed specifically to satisfy the needs of the Superfund program
including:

• the need to provide results suitable for supporting risk assessment;

• the need to be applicable to the types of asbestos-containing materials
commonly encountered at Superfund sites; and

• the need to facilitate reproducibEIIty within and between laboratories that may
offer the method commercially.

An additional consideration addressed during the development of this method is the need to
control sampling and analysis costs.

The first item listed above is what distinguishes sampling and analysis methods adapted for
use in the Superfund program from methods used in other programs. This is because the
statutory requirements of the Superfund program mandate that risk management decisions be
based on risk assessment. Risk assessment requires that analytical data be relatabfe to
health effects. Although the remaining requirements listed above are also important, the first
item is a central feature of the Superfund program.

Because this method is designed for supporting risk assessment, the results of analyses from
this method are intended to be used as inputs to release and transport models to predict
airborne asbestos exposure concentrations (see Section 2.2). This is a very different
objective from existing bulk asbestos methods, which are designed as qualitative tools for
determining whether asbestos is present in a particular matrix in excess of a defined,
regulatory limit For such methods, the regulatory limits are defined operationally as functions
of the methods themselves and, therefore, do not necessarily relate in any direct fashion to
the potential for asbestos to be released and contribute to risk.

2.1 REQUIREMENTS FOR A METHOD DESIGNED TO SUPPORT RISK ASSESSMENT

A feasibility study (Berman 1990) was completed both to identify the requirements of a
method for the.determination of asbestos in soils and bulk materials that could be used to
support -risk assessment and to evaluate existing sampling and analysis technologies to
determine whether such a method might be readily developed. Results of the feasibility
study Indicate that, to support risk assessment under Superfund, the method must:

• achieve sufficient analytical sensitivity to adequately measure asbestos over the
entire range of concentrations that might potentially pose an unacceptable risk;

j .

provide adequate precision over the range of asbestos concentrations of interest;

provide measurements of the complete range of the sizes and shapes of
asbestos structures that are believed to contribute to health effects;
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provide measurements that are representative of the fraction of asbestos that is
readily releasable1 from the matrix of Interest; and

• provide results reported in units that are amenable for use as inputs to fate and
transport models that can be used to relate (bulk) source concentrations of
asbestos to (airborne) exposure point concentrations of asbestos.

2.1.1 Sensitivity

Based on calculations presented in the feasibility study completed (or this method (Berman
1990), asbestos concentrations in soil or a bulk environmental matrix that are on the order of
3x10 long asbestos s/g ,̂̂  (i.e. 30 million asbestos structures longer than 5 \nn per gram of
solid) or 5x108 total asbestos s/gso)jd (i.e. 0.5 billion total asbestos structures per gram of
solid) may potentially pose a risk exceeding 1 x 10"6. This is based on evaluation of a series
of scenarios in which asbestos fs released from the solid matrix due to any of several types of
disturbance (i.e. vehicular traffic on the surface, agricultural tilling, or natural weathering).
Once released, asbestos is dispersed into the air, where exposure may occur. Note that, for
a typical chrysotile matrix, the concentrations reported above for the two different size ranges
of structures are expected to be approximately equivalent (i-e- concentrations observed for
each of the two size ranges in a sample containing common chrysotile are expected to be
approximately proportional to the two values given so that a sample observed to exceed one
will also likely exceed the other). Therefore, either concentration might serve as an adequate
target sensitivity for chrysotile. However, such may not be the case for all asbestos-
containing matrices, particularly those containing amphibole asbestos. )

To assure that negative results from a soil-bulk method do not mask potential problems,
Ideally, the analytical sensitivity for the method should be set at one tenth of the
concentrations potentially capable of producing risks that exceed 1 x 10"6. Therefore, the
target analytical sensitivities for this method have been set at:

• 3x106 long asbestos s/g^^ (i.e. 3 million asbestos structures longer than 5 (im
per gram of solid); or

• 5x107 total asbestos s/gsol]d (i-e. 50 million total asbestos structures per gram of
solid).

The analytical sensitivity is reported for the two different size ranges of asbestos structures to
allow flexibility in the application of the method.

•

2.1.2 Precision

The only precision data currently available for this method is from the recently described pilot
study (Berman et al. 1994a). To establish a reasonable goal for the precision of this method,
a study of the precision achievable by commercial laboratories performing the method would
be required. Because data from commercial laboratories are not available, the data from the

A» u»»d h«r«. 'roadiry ratoaaaWV nuun* particles that have •(ready ton ••parated Into mpirabl* «iza and that ara
•vailabl* fe» a pool of tooaa material that can b« retoatad diractfy during *orrw typ« of duiurbanea. TM» 1*
dwtlngtiiihad from particta* that may ba aggregated with othaf* and that may ba Mparstad from th» aggregate for
futur* rataaaa. .
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pilot study (Berman et al. 1994a} were evaluated to provide a rough estimate of the level of
precision potentially -achievable once the method is commercialized (see Section 12.1.2).
Results suggest that a relative percent difference of 50% should be easily achievable for
sample splits performed by a single laboratory.

The USEPA has set informal precision guidelines for each of the analytical methods employed
In the contract laboratory program (CLP), under which the majority of sample analyses have
been conducted for the Superfund program. These goals tend to be defined as achievable
relative percent differences for sample splits performed within a laboratory and they range
between 10% and 35% for the analysis of inorganic chemicals in soils and up to 50% for the
analysis of organic chemicals in soils. Therefore, given the above, a guideline of 50% for the
relative percent difference between sample splits performed within a laboratory is proposed
for this method.

2.1.3 Asbestos Characteristics

• Based on what is known about the biological activity of asbestos (for a critical review of the
extensive literature on this subject, see Berman and Crump 1989), if asbestos measurements
are to be related to risk, it is necessary to characterize the sizes, shapes, and mineralogy of
the asbestos structures in each sample. This involves enumeration of individual structures
within certain size categories with particular emphasis on the longest and thinnest structures.
Although the range of dimensions over which asbestos structures contribute to biological
activity has yet to be precisely defined, this method is designed to provide a detailed
characterization of structures encompassing the entire range of potential importance.

Results of the feasibility study for this method (Berman 1990) indicate that transmission
electron microscopy (TEM) is the only analytical tool capable of characterizing asbestos
structures over the entire range of sizes and shapes that potentially contribute to risk.
Consequently, the asbestos derived from soil or bulk samples is analyzed using TEM in this
method.

When evaluating detailed asbestos size characterizations, it is important to consider the
effects of sample preparation. The dust generator incorporated into this method was
developed because its use eliminates the need to employ other preparation techniques (such
as crushing or grinding) that potentially alter the distribution of respirabte asbestos structure
sizes and shapes found In the sample. The dust generation employed in this method is a
gentle process; ft Is ejected to preserve the distribution of asbestos structure sizes and
shapes that may be released to the air when asbestos-containing media are disturbed in the
environment, . .

The size .distribution of asbestos structures found in the dusts generated using this method
may also \̂ > depending on whether TEM specimen grids are prepared from the dust
samples using f̂irl̂  or an Indirect transfer technique. Existing risk factors are based
largelyon istiiSies'Jnlsrporatlng the equivalent of direct transfer techniques,2 while indirect
transfer techniques are. expected to provide increased precision (see, for example, Berman

Mosl of tht epidemiology studies (from which estimatts of asbestos potency we derived) employed efthw phase
contrast microscopy (PCM) tor the analysis of asbestos concentrations in work place air of converted other types of
measurements to PCM equivalent* (Berman and Crump 1989). PCM analyses are performed directly cm sample filters
after the fitter malarial has been rendered transparent by • suitable solvent Since the fibers we observed a* ori0insily
deposited, this corresponds closely to a direct transfer technique for TEM analysis.
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and Chatfleld 1990). Hence, this method incorporates a procedure by which the majority of
samples are prepared by an indirect technique with a subset prepared in tandem by a direct
technique. This facilitates evaluation of the relationship between structure counts derived
from samples prepared, respectively, by each technique.

2.1.4 Reporting Requirements •'

It is anticipated that soil or bulk samples to be analyzed using this method will typically be
collected to determine the asbestos content of a potential source from which asbestos may
be released (via a particular mechanism) and transported to the air (where exposure may
occur). It is also expected that asbestos release and transport will be modeled and that one
of the critical inputs to such models will be the concentration of releasable asbestos in the
source matrix.

Results of the feasibility study for this method (Berman 1990) indicate that most of the
available models that predict releases to the air from soil or some other bulk matrix (in
association with specific release mechanisms) were designed to predict the release and
transport of resplrable dust Only a very limited number of such models have actually been
developed specifically for asbestos. The dust models may be used to predict asbestos
release and transport with minimal modification, however, provided that the appropriate types
of asbestos measurements are available. Such adaptations rety on the following
assumptions:

• the rate of settling of resplrable asbestos particles is no more rapid than the
average settling rate for respirable dust; and

• the release of asbestos and the release of respirable dust from a source matrix
are highly correlated (i.e. are proportional), at least over the long term.

The former assumption is expected to be true because fibers tend to settle more slowly in the
air than spheres of comparable mass. The latter assumption appears reasonable because, if
it were false, one would expect the source matrix to become either enriched or depleted in
asbestos over time. However, such effects are not generally observed.

Many of the release models developed for respirable dust require the mass fraction of silt in
the source matrix as an input parameter. For such models, substituting the fiber
concentration of asbestos (per unit mass of source matrix) for the mass fraction of silt should
allow the model to be used to predict asbestos release (with no additional modifications).
Under such circumstances, a dimensional analysis of the model should indicate that the
outputs would now be expressed in terms of the number of asbestos structures released from
a defined area (or mass) of the source matrix per unit time (rather than the mass of respirable
dust released from a defined area or mass of the source matrix per unit time). Such outputs
are then typically combined with air dispersion models to predict airborne concentrations at
locations (I.e. points of exposure) of interest

As an alternative, it may be useful to multiply the respirable dust release rates (that are
predicted by a model) by a factor representing the number of asbestos structures (of a size
range of interest) per unit mass of respirable dust released from the sample. For certain
models, this approach for converting a dust mode! to an asbestos release model may prove
easier than the approach discussed above.
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This method Is designed to provide results that can be reported a., the number of asbestos
structures (of a size range of interest) per unit mass of source matrix with an option allowing
the reporting of the number of asbestos structures per unit mass of the respirable dust
released from the sample. The appropriate reporting option should be selected based on the
specific models with which the measurements from this method are anticipated to be used for
a specific project

NOTE

This method may also be used to provide an independent (qualitative) check of the
predictions of specific release models in some cases. In one of the intermediate steps
of this method, the rate of release of respirable dust from the sample is determined.

. This can be compared to the rate of release predicted by a release model. The
relative magnitude of the release rate observed using this method and the release rate
predicted by a model should be consistent with that expected based on the relative
aggressiveness of the type of disturbance applied to the sample during measurement
using this method and the type of disturbance associated with the field activity (i.e.
vehicular traffic, excavation, wind entrapment, etc.) represented by the model.

2.2 ASBESTOS CONTAINING MATERIALS TYPICALLY ENCOUNTERED AT
SUPERFUND SITES

Asbestos containing materials commonly encountered at Superfund Sites include:

natural rocks that contain asbestos;

• soils containing natural asbestos generated from weathered rock;

» soils containing asbestos introduced by transport from other locations;

• mine or mill tailings (I.e. fractured or depleted rock);

• . discarded asbestos wastes, including (for example):
asbestos/cement pipe;
roofing materials;
insulation materials; and

• soils containing discarded asbestos wastes.
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This method is designed specifically to handle the above materials (with the exception of
unfractured rock3) and may be applied generally to samples of any unconsolidated or
friable4 matrix

2.3 REQUIREMENTS FOR FACILITATING REPRODUCIBIUTY BETWEEN
LABORATORIES

Results of the feasibility study for this method (Berman 1990) indicate that for a method for
the determination of asbestos in soils and bulk materials to adequately facilitate
reproducibility between laboratories that might offer the method commercially, the following
requirements must be satisfied:

preparation steps in the procedure have to be kept simple and must be
standardized and documented sufficiently to allow technicians in different
laboratories to perform them invariably (i.e. objectively); and

• the representativeness of a sample (i.e. the degree with which the sample retains
the characteristics of the matrix from which it is derived) has to be preserved
throughout all stages of handling, preparation, and sub-sampling that are
incorporated into the method.

To address each of the above requirements, the ability to homogenize the sample has to be
maintained throughout all stages of sample preparation and handling, and dust generation
satisfies these requirements. In addition, dust generation is incorporated into this method as
the means of extracting the respirable fraction of releasable asbestos from bulk samples in a
manner that can be performed invariably; it is a mechanical process that can be controlled
objectively by specifying the design and the operation of the equipment to be used for dust
generation.

Use of a dust generator eliminates most of the sample manipulation steps typically performed
manually (and subjectively) for other bulk asbestos methods. More importantly, it eliminates
the need for sub-sampling of amounts smaller than approximately 100 g, which is a mass that
is large enough to be sub-sampled reproducibiy (by following specified procedures). A 100 g
sample Is also sufficiently large to retain representative characteristics of all components of a
sampled matrix in which the particles are smaller than approximately 1 cm in diameter.

Results of the feasibility study (Berman 1990) indicate that the ability to homogenize an
unconsolidated bulk sample (in preparation for sub-sampling) is a direct function of the
largest particle in the distribution of component particles; to allow representative sub-sampling
of such a matrix, the largest particle must represent no more than a few percent of the total
mass of the sample. Therefore, because the final sub-sample to be extracted in this method
is on the order of 100 g, the largest particles that can remain in the sample prior to sub

It I* auumed that any atbettoa imbedded In unfrectured rock can be considered to be norvfeleasable. If there I* •
desire to evaluate the releaee of (tbwto* from the surface of such rock (or th« potential for release of asbestos from the
rock M it becomes fractured In the future due to aging or ditturbence). conceivably. • sample o» the rock might be
crushed to particles no larger than 1 cm In diameter (tee ttwt) and e sample of the crushed rock might then be
analyzed u»ing thle method. However, no formal protocol hae been developed for mil procedure at this time.

A» used here, the term /rtsWe te intended to mean any material that can bo crushed or deformed with the hend with the
attendant release of fiber*.
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sampling must be no larger than 2 or 3 g. Assuming a typical density for silica type materials
(i.e. 2.6 g/cc), the largest particle that can be retained while allowing 100 g samples to remain
representative of the sampled matrix Is approximately 1 cm (3/8th inch) in diameter
(4/3nr3*density = 1.4 g). Consequently, this method incorporates a step in which samples
are sieved to remove particles larger than 1 cm in diameter5.

It must be emphasized that the particles larger than 1 cm in diameter that are removed from
the sample by sieving in this method are not discarded. Rather, both the fraction passed by
the sieve and the fraction retained by the sieve are weighed and the weights recorded so that
the asbestos content measured can ultimately be reported as a function of the total mass of
the initial sample (i.e. the asbestos concentration measured in the method is multiplied by the
ratio of the total mass of the original sample collected and the mass of the fraction ol the
sample analyzed). The larger particles do not need to be carried through the entire analysis,
however, because it is unlikely that significant amounts of the releasable asbestos in a
sample reside in the coarse fraction.

2.4 COST CONSIDERATIONS

To be useful, it was determined that the cost of an individual analysis using this method
would have to be competitive with other methods that might be used to derive comparable
information.6 In fact, once a laboratory invests in the construction of a dust generator to
support the method and procures the required ancillary equipment, it is expected that the
cost of analysis using this method will be very competitive with other soil or bulk methods
(that might be designed to provide similar information). This is because use of the dust
generator effectively concentrates asbestos from the sample (by removing the non-respirable
component). Such concentration allows higher loadings on specimen grids so that smaller
areas need to be scanned with the TEM to complete an analysis.

It is expected that sample preparation using the dust generator will cost approximately $400
(twice what H costs to complete the preparation of an air sample using an indirect transfer
technique). This cost, however, is expected to be more than compensated by the
corresponding reduction in cost for TEM scanning time, which is reduced due to the ability to
scan more highly concentrated samples (see above). It is therefore expected that the total
cost of an analysis using this method may run between $900 and $1,500, which should be
competitive with any other soil or bulk method that is designed to provide comparable
information. This cost is approximately 10 to 15% higher than that for the analysis of an air
sample in which comparable structure size information is recorded.

Incorporated into this method (as an option) is a compositing procedure that can be used to
reduce significantly the number of. bulk analyses that might otherwise be required to
adequately characterize a source matrix from which asbestos may be released (Section 8.3).
Recognizing that airborne exposure due to emissions from a source matrix tend to be the
result of average emissions over relatively large areas, compositing of samples is a

The dust generator designed tor mis method best handle* samples tip to a maximum of approximately 80 9. However,
the practical difference between 80 and 100 g lamplea. In terms ol the maximum *ize of the partictes that can be
totafoed {while aasuring the ability to homogenize the cample), ic not significant

Thi» assumes analyst* using TEM in which comparable size and mineralogy Information i* recorded; methods in which
analysis tt performed by polarized light microscopy (PLM) are not capable of providing Information over the complete
range of structure sizes and shapes that are believed to relate to risk.
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particularly powerful tool that can be used in tandem with this method. By reducing the
number of sample analyses required to adequately characterize a particular source, the cost
of a particular investigation can be reduced correspondingly.

An additional cost saving measure incorporated into this method is completion of the early
stages of sample preparation in the field. This simplifies the handling and preparation
performed by the laboratory and limits the size (mass) of each sample that has to be stored
or disposed by the laboratory.

Handling and preparation of bulk samples in the laboratory are dusty operations that require
protective enclosures. The larger the sizes of the samples, the larger the protective
enclosures required. Additionally, asbestos containing samples handled by a laboratory must
be disposed as asbestos wastes. Clearly, the larger the mass of such samples handled by
the faboratory, the greater the cost of disposal.
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3.0 OVERVIEW OF METHOD

Samples are collected in the field according to a pre-defined sampling plan identifying the
number of samples to be collected and the locations from which samples are to be collected.
Procedures for designing such a plan are beyond the scope of this document but are
reported elsewhere (see, for example, Berman and Chesson, undated).

Any of a variety of commercially available sampling equipment (i.e. trowels, shovels, augers,
corers, etc.) may be used to collect samples for this method. However, they must have been
specified in the pre-defined sampling plan based on the nature of the material being sampled
and the depths over which samples are to be collected. Whatever sampling technique is
employed, the minimum size sample to be collected at each location shall be 1 kg.

Once collected, each sample is brought to a central location for field preparation. Reid
preparation steps are listed In Figure 3-1 and discussed In detail in Chapter 8. Each sample
is first weighed (Section 8.2.1). Then the sample is sieved using a screen with 3/8th in.
(1 cm) openings to separate a coarse and fine fraction. The material placed on the sieve is
worked with gloved hands to assure that all friable components pass through the screen
(Section 8.2.2).

The coarse fraction, composed of material that is retained by the screen, is transferred to a
bucket and weighed prior to discarding on site. The fine fraction Is also weighed. As
indicated in Figure 3-1, the fine fraction is then homogenized. The procedure recommended
in this method for homogenization is repetitive splitting using a riffle splitter with the split
halves of the sample being re-combined at the end of each split (Section 8.2.3). Studies
indicate that five to seven iterations are typically sufficient to achieve adequate
homogenization.

Once homogenized, the fine fraction is then sub-sampled using the riffle splitter (Figure 3-1).
During sub-sampling, the one-half of the sample from one of the two receiving trays is
discarded after each split (Section 8.2.3) and the second half of the sample is then re-split.
The process is repeated until sub-samples weighing between 50 and 80 g are produced In
each of the two receiving trays. The material in each tray is then transferred quantitatively to
a sample bottle, packaged and shipped to the laboratory. .

Sample handling, preparation, and analysis in the laboratory is depicted in Figure 3-2 and
described in detail in Chapter 9. Once sub-samples weighing between 50 and 80 g are
obtained, they can be separately prepared and analyzed (Section 9.2).

To prepare samples, as indicated in Figure 3-2, first load the sample into the tumbler of a
dust generator. The design, construction; and operation of a dust generator suitable for use
with this method is provided in appendix A. The sample is then conditioned by flowing
humidity-controlled air through the tumbler and over the sample for several hours (Section
9.4.2).

Once the sample is conditioned, the tumbler of the dust generator is started and a sample
run is initiated (Section 9.4.3). During each run, a series of filters is collected continuously
from the top of one of the openings of the dust generator and these are weighed to plot the
cumulative dust loss from the sample (Section 9.4.4 and the right side pathway of Rgure 3-2).
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While the dust generator is operating, a second set of filters is also collected over the
opening of the dust 'generator that articulates wrth an isokinetto sampling tube {the center
pathway of Figure 3-2). These are collected such that loading Is appropriate for specimen
grid preparation using a direct transfer technique (Section 9.4.5).

Asbestos structures are also trapped in the suspension of a scrubber during each run of the
dust generator (the left side pathway of Figure 3-2). The suspension is then diluted
appropriately and filtered to create an additional set of filters from which specimen grids will
be prepared for asbestos analysis (Section 9.4.6). However, because asbestos structures
derived from this process will have been suspended in the aqueous environment of the
scrubber suspension, preparation of grid specimens from filtered scrubber suspension are
considered to have been prepared in a manner that is equivalent to an indirect transfer
technique.

Next, as indicated in Figure 3-2, TEM specimen grids are prepared using a direct transfer
technique from the filters collected either from atop the isoklnetic sampling tube of the
elutriator or from filtering scrubber suspension (Sections 10.1 and 10.2). Specimen grids are
then analyzed using the counting and identification rules of the international Standards
Organization (ISO) Method for the determination of asbestos in air using an indirect transfer
technique (ChatfieW 1993) with the stopping rules modified as indicated in Section 11.1.

Calculations are performed from plots of the cumulative dust loss (Section 11.2) to estimate
both the mass of dust co-collected with asbestos on the fitters prepared for asbestos analysis
and the total mass of resptrable dust in the original sample. Oust estimates are then
combined with asbestos counts to allow reporting of both the concentration of asbestos
structures per unit mass of respirable dust in the sample and the concentration of asbestos
structures per unit mass of the original sample (Figure 3-2)7. Typically, asbestos
concentrations will be reported from this method for a specific size range of asbestos
structures of interest.

Whan MbMto* concarrtratiom art to bo reported M a function of th« mm* of tha original wwipto. the concentration
caleulatad in tha laboratory, which repr«»«m» tha concentration of asbaitoa In tha fir* fraction of tha original s
muit ultimately ba adju*tad to account 1<x tha mas* of th» coarto fraction of ttw aampla a* wall (Section it.4.3).
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4.0 DEFINITIONS

Amphibole: a group of rock-forming ferromagnesium silicate minerals, closely related in
crystal form and composition, and having the nominal formula:

A0.1B2CST8022(°H'F'CI)2

where:

A = K, Na;

B = Fe2+, Mn, Mg, Ca, Na;

C = Al, Cr, Ti, Fe3+, Mg, Fe2+;

T = Si, Al, Cr, Fe3*, Ti.

In some varieties of amphibole, these elements can be partially substituted by Li, Pb, or Zn.
Amphibole is characterized by a cross-linked double chain of Si-O tetrahedra with a silicon:
oxygen ratio of 4:11, by columnar or fibrous prismatic crystals and by good prismatic
cleavage in two directions parallel to the crystal faces and intersecting at angles of about 56°
and 124° (see Chatfield 1993).

Amphiboie Asbestos: amphibole in an asbestiform habit.

Analytical Sensitivity: the calculated asbestos concentration in soil or a bulk matrix, in
asbestos structures/g, equivalent to counting of one asbestos structure in the analysis.

Asbestiform: a specific type of mineral fibrosity in which the fibers and fibrils possess high
tensile strength and flexibility.

Asbestos: a term applied to a group of fibrous silicate minerals that readily separate into
thin, strong fibers that are flexible, heat resistant and chemically inert.

Asbestos Component: a term applied to any individually identifiable asbestos sub-structure
that is part of a larger asbestos structure.

Asbestos Structure: a term applied to any contiguous grouping of asbestos fibers, with or
without equant particles.

Aspect Ratio: the ratio of the length to width of a particle.

Blank: a fiber count made on TEM specimen grids prepared from an unused filter (or a filter.
through which asbestos-free water has been passed), to determine the background
measurement. Blanks consist of filter blanks, field blanks and laboratory blanks. Laboratory
blanks for this method may include scrubber blanks.

Bundle: a fiber composed of parallel, smaller diameter fibers attached along their lenaths
(see Chatifield 1993).
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Chrysolite: the asbestiform habit of a mineral of the serpentine group that has the nominal
composition:

Mg3Si205(OH)4

In some varieties of chrysolite, the silicon may be partially substituted by Al or less commonly
by Fe. The magnesium may be partially substituted by Fe, Ni, Mn or Co. Some varieties
contain Na, Cl or both. Chrysotile is a highly fibrous and silky variety and constitutes the
most prevalent type of asbestos (see Chatfield 1993).

Cluster: an assembly of randomly oriented fibers (see Chatfield 1993).

Component Count for any sample, a tally that includes the Individually identified
components of complex asbestos structures and each single asbestos structure with no
identifiable components.

Elutriaton a device in which differential flow through a fluid (gas or liquid) against an
opposing force (i.e. gravity) is employed to separate particles by size.

Equant Particle: as used In this document, a non-asbestos particle bound to, or overlapping
with, asbestos structures observed on a TEM specimen grid.

Fiber: an elongated particle that has parallel or stepped sides. In this method, a fiber is
defined to have an aspect ratio equal to or greater than 5:1 (see Chatfield 1993).

Fibril: a single fiber of asbestos that cannot be further separated longitudinally into smaller
components without losing its fibrous properties or appearance.

Fibrous Structure: a contiguous grouping of fibers, with or without equant particles.

Field Blank: a filter cassette that has been taken to the sampling she, opened, and then
closed. Such a filter is analyzed to determine the background asbestos structure count for
measurement and to document the treatment of the filter from sample collection through
analysis.

Filter Blank: an unused filter that Is analyzed to determine the background asbestos
structure count on the filter matrix.

Friable: as used In this document, capable of being crushed or deformed with the hand with
the attendant release of fibers.

Habit: the characteristic crystal form or combination of forms of a mineral, Including
characteristic irregularities.

Identify: during asbestos analysis, the use of a sequential set of procedures to determine
and confirm the mineralogy of a structure.

Isokinetic Sampling: sampling air in such a manner so as not to disturb the direction or
velocity of air flow at the point sampled.
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Isokinetic Sampling Tube: a tube placed in the air flow of the vertical elutriator portion of the
dust generator used1 in this method, which samples the air at the top of the elutriator
isokineticatfy.

Laboratory Blank: an unused filter that is analyzed along with sample fitters to determine the
background asbestos structure count in the laboratory.

Matrix:6 A connected assembly of asbestos fibers with particles of another species (non-
asbestos) (see Chatfield 1993).

PCM Equivalent Structure: A structure of aspect ratio greater than or equal to 3:1, longer
than 5 urn, and .which has a mean diameter between 0.2 urn and 3.0 jim for a part of its
length greater than 5 pm. In this method, PCME structures also must contain at least one
asbestos component (see Chatfield 1993).

Riffle Splitter: a device composed of a hopper and multiple, uniform, parallel chutes that
alternately feed from the hopper to opposing receiving trays.

Scrubber: a device for removing particles from an air stream by passing the air stream
through a super-saturated vapor in which the particles serve as nucleation centers for
condensation and are thus captured. The resulting droplets (containing the trapped particles)
then fall back Into a central reservoir of boiling liquid.

Serpentine: a group of common rock-forming minerals having the nominal formula:

Mg3Si205(OH)«

Serpentine deposits often contain chrysotile asbestos (which'is serpentine In an asbestiform
habit).

Structure Count: for any sample, a tally of each individually identified asbestos structure
regardless of whether the structure contains identifiable components. This is equivalent to a
count of the total number of separate asbestos entities encountered on the sample.

Vertical Elutriator: see Elutriator.

Tumbler a device that is rotated to provide continuous agitation to a bulk maten'al placed
inside, in the dust generator employed in this method, air is blown through a tumbler
containing sample to carry away the dust generated during agitation by the tumbler.

' Wh»n UMd to dmcrib* «r> •ibMto* rtnjetur.. Th» term ii «Uo u^d in thi. document to d*icrit» . h«t»rou»n«ou»
bulk tolid.bulk (Olid
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5.0 SYMBOLS AND ABBREVIATIONS

5.1 SYMBOLS

A, - the area of a filter from which a specimen grid is prepared (mm2).

Ago - the average area of a specimen grid opening (mm2).

Cdusl - the concentration of asbestos structures (of a defined size and type) in
the respirable dust from a sample (s/gdusj).

•' the concentration o! asbestos structures (of a defined size and type) in
the original field matrix that was sampled for analysis using this method.

C | - the concentration of asbestos structures (of a defined size and type) in a
soil or bulk sample (s/g).

CF - the coarseness adjustment factor representing the ratio of the mass of
the fine fraction to the total mass of a matrix that is sampled in the field.

cm - centimeter (10"2 meter).

cm2 - square centimeter.

cm3 - cubic centimeter.

cm3/min - cubic centimeter per minute.

d - the density of a particle (g/cm3).

DF - the dilution factor representing the ratio of the scrubber suspension
volume to the aliquot that Is filtered to prepare specimen grids.

°C - degrees centigrade.

°K - degrees Kelvin.

AM, - the mass of respirable dust collected on a single filter during the interval
At(g).

AMS - the mass of respirable dust released from the sample during the interval
At(g).

At - a short time interval (no more than 10 minutes),

n - the dynamic viscosity of air (g/cm*s).

eV - electron volt.
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Fc - the rate of airflow (i.e. the volumetric flow rate) through the top exit (ME)
opening of the elutriator that does not pass through the isokinetic
sampling tube (cm3/s).

Fd - the rate of airflow (i.e. the volumetric flow rate) through the top exit (1ST)
opening of the elutriator that passes through the isokinetic sampling
tube (cm3/s).

Fs - the rate of airflow (i.e. the volumetric flow rate) through the scrubber
(cm3/s).

ft - foot,

g - gram.

g - the acceleration due to gravity (cm/s2). when used as a variable in an
equation.

g/L - gram per liter.

g/cm3 - gram per cubic centimeter.

hp - horsepower.

k the first order rate constant (s"1).

kg - kilogram (103 gram).

kV - kilovolt.

in - inch.

L - liter.

L/min - liters per minute,

Mcoarw * tt* mass of N18 coarse fraction of a matrix sampled In the field.

Mf the cumulative mass of respirable dust collected on filters from the start
of a run to time, t (g).

- the cumulative mass of respirable dust collected on filters during an
entire 30 rpm run (g).

- the mass of the fine fraction of a matrix sampled In the field.

M0 - the mass of respirable dust in a sample at the start of a run (g).

Mf - the cumulative mass of respirable dust released from a sample from the
start of a run to time, t (g).
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M - the mass of respirable dust remaining in a sample during a run but after
time, t (g).

Mscrt>r * the mass of resPirable dust collected in the scrubber during a run (g).

Msampje - the mass of a sample introduced into the dust generator (g).

M,0, - the total mass of respirable dust estimated to reside In a sample (g).

ml - milliliter(10-3L).

mm - millimeter (10"3 meters).

mm2 - square millimeter.

ng - microgram (10"6 grams).

jim - micrometer (10"6 meters).

Ngo - the number of grid openings counted during a scan {#).

N h - the number of grid openings counted during a high magnification scan
(#).

N ... - the number of grid openings counted during a low magnification scan
9 <#).

nm - nanometer (10~9 meter).

Pf • the pressure measured at a flowmeter (torr).

Pt - the pressure estimated at an elutriator opening (torr).

%RD - the mass percent of respirable dust in a sample (%).

r • the radius of a particle (cm).

r2 - the coefficient of determination (also defined as the correlation
coefficient squared).

R, - the flow reading from a flowmeter (cm/s).

Spj, - the number of asbestos structures (of a defined size and type) counted
during a high magnification scan (#).

S0 . - the number of asbestos structures (of a defined size and type) counted
during a low magnification scan (#).

Sd - the number of asbestos structures that must be detected during a TEM
scan for asbestos to be defined as detected (#).
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S - the required analytical sensitivity for this method (defined separately for
total and long asbestos structures) (s/g).

s - second.

S/g - structures per gram.

S/gdusl - structures per gram of dust

S/l - structures per liter.

S/mm2 -. structures per square millimeter.

t - time (s).

T( - the temperature at a flowmeter (°K).

T, - the temperature at an exit opening of the elutrlator (°K).
•

Val - the volume of the first aliquot collected from the scrubber suspension to
be used for further dilution (ml).

V^ - the volume of the final aliquot collected from Vd, which is filtered for the
preparation of specimen grids for TEM analysis (ml).

Vd - the volume Into which the first aliquot from the scrubber suspension is
diluted (ml).

V| - linear air flow rate (cm/s).

Vs - the volume of scrubber suspension generated from a run (ml),

Vv ' - the volumetric air flow rate (cm3/s).

W - watt.

5.2 ABBREVIATIONS

'ED • Electron diffraction

EDXA - Energy dispersive X-ray analysts

FWHM - Full width at half maximum

HEPA - High efficiency particle absolute

1ST - refers to the opening at the top of the eiutriator that is associated with >
the isokinetic sampling tube

MCE - Mixed cellulose ester
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ME refers to the main exit opening at the top of the elutriator, which is not
associated with the isokinetic sampling tube

PCM - Phase contrast optical microscopy

PCME - Phase contrast microscopy equivalent

PLM - Polarized light microscopy

RPM - Revolutions per minute

SAED - Selected area electron diffraction

TEM - Transmission electron microscopy

TSP - Total suspended particulate

UICC - Union Internationale Centre le Cancer
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6.0 FACILITIES AND EQUIPMENT

6.1 SAMPLE COLLECTION EQUIPMENT AND CONSUMABLE SUPPUES

To complete field sampling per this method, the following field equipment is mandatory:

• survey equipment appropriate to the manner in which sample locations are to be
defined per the sampling plan;

• appropriate trowels, shovels; augers, or corers for sample collection per the
sampling plan;

• (when sampling surface materials) a 12 in square aluminum template with an 8 in
square hole in the center;

• a minimum of three 3-gal plastic buckets;

• a brass or steel sieve with 3/8 in. (1 cm) openings;

• a field balance (with a capacity of 40 kg and capable of achieving a precision of
±10g);

• a field balance (with a capacity of 2 kg and capable of achieving a precision of
± 0.2 g)9

• a riffle splitter with a minimum of 24. 3/4 in. (minimum size) chutes and three
sample trays;

• one L plastic sample containers;

• sufficient plastic coolers to store and ship samples at Ice temperature;

equipment for cleaning sampling tools, including:
large buckets and tubs;
a container of asbestos-free water;

- garden sprayers;
biodegradable detergent;
assorted asbestos-free rags, sponges, etc.;
an air compressor with HEPA filter (optional, for drying equipment);

• field logbook and appropriate custody forms and sample labels;

assorted garbage bags, paper toweis. and tape;

• Tyvek suits and protective gloves; and

• « appropriate equipment to avrtable, » l» advantageous to use • single field balance lo achieve both «*> of cap.crty
and precision requirementi fo« field weighing.
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• appropriate equipment for respiratory protection.

6.2 LABORATORY FACILITIES

Laboratories wishing to adopt this method must develop and maintain the following facilities:

• a properly ventilated room for bulk sample handling that Is entirely isolated from
other room(s) in which air samples are handled and asbestos samples are
analyzed. All such facilities must be sufficiently well ventilated to allow
preparation of blanks that yield background determinations satisfying the
requirements of Section 10.6 of the Superfund air method (Chatfield and Berman
1990);

• a glove box or equivalent isolation chamber of sufficient size to house a riffle
splitter (or other equipment) required for the homogenization and sub-sampling of
samples for this method. The glove box or Isolation chamber must provide
ample room for handling kg size soil or bulk samples while maintaining
background concentrations in the outside room air at levels considered
acceptable as defined In Section 10.6 of Chatfield and Berman (1990);

• a dust generator constructed per the specifications provided in Appendix A;

• a TEM operating at an accelerating potential .of 80-120 kV, with a resolution
better than 1.0 nm and a magnification range of approximately 300 to 100,000.
The ability to obtain a direct screen magnification of about 100,000 is necessary
for inspection of fiber morphology; this magnification may be obtained by
supplementary optical enlargement of the screen image by use of a binocular if it
cannot be obtained directly. The TEM shall also be equipped with an energy
dispersive X-ray analyzer capable of achieving a resolution better than 175eV
(FWHM) on the MnKa peak. For requirements concerning screen calibration and
SAED and EO performance, see Chatfield and Berman (1990); and

• a computer system for recording analytical results. As indicated in the section
addressing reporting requirements (see Chapter 13), analytical results are to be
provided on computer disk (either 3.5 inch or 5.25 inch in double sided or high
density format) in a file format that is compatible with LOTUS™. ASCII files are
acceptable.

6.3 THE DUST GENERATOR AND APPURTENANT EQUIPMENT

The dust generator is to be constructed per the design drawings and specifications provided
in Appendix A. Appurtenant equipment required to support the dust generator includes:

a 129 hp DC motor (rated for 0 to 139 rpm) to drive the tumbler;

• two vacuum pump's capable of drawing 20 L/min at minimum load (will be run at
1 to 2 L/min);
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• two variable area flowmeters capable of reading volumetric airflow velocities up to
1500 ml/min and one variable area flowmeter capable of reading airflow up to
250 ml/min;

• a heating mantle and variable voltage transformer suitable for maintaining water
at a boil in a 1 L round bottom flask; and

• an immersion pump and cooler (or equivalent system) of sufficient capacity to
provide 0° C water at a rate of 1 to 2 L/mln.

6.4 SPECIMEN PREPARATION EQUIPMENT

As defined in the ISO Method for the determination of asbestos in air using an indirect
transfer technique (Chatfield 1993).

6.5 OTHER LABORATORY EQUIPMENT

As defined in the ISO Method for the determination of asbestos in air using an indirect
transfer technique (Chatfield 1993).

6.6 CONSUMABLE/REUSABLE LABORATORY SUPPLIES

For each run of a sample using the dust generator;

• a lot of fifty MCE filters (0.45 pm pore size, 25 mm) that exhibit no more than
TO s/mm2 asbestos as background ; and

• forty plastic petti dishes for storing 25 mm filters.

Also, other items as defined in the ISO Method for the determination of asbestos in air using
an indirect transfer technique (Chatfield 1993}11.

10 This value i» selected to •saure that detection of • tingle structure in 4 o.rid opening* a more likely than not to
constitute asbestos from a sample.

11 This includes • supply of MCE filter* (0.22 urn pore size) for tillering scrubber suspension.
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7.0 REAGENTS

To support use of the dust generator, the following reagents are required:

asbestos-free water (a regular supply of freshly distilled, filtered water must be
available);

• potassium carbonate dihydrate (analytical grade)12; and

• sodium hexametaphosphate (analytical grade).

Also, reagents required to support asbestos analysis are defined in the ISO Method for the
determination of asbestos in air using an indirect transfer technique {Chatfield 1993).

WARNING • USE ALL REAGENTS IN ACCORDANCE WITH THE APPROPRIATE HEALTH
AND SAFETY REGULATIONS.

Thi« M)t fe required tof loading into the constant humidity chamber and the de*iccaiori to bo u*ed for conditioning
titter* under th« recommended default condition^ for running the dutt oeneralor A MippJy of «it»m«te salt (arulytico)
gr«d») moy b« •mploy*d tei «tutfw» In which dust generation i» lo be pertemwd •! a relative humidity other than tha
default reeommendetion (»ee Section 933).
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8.0 SOIL OP BULK SAMPLE COLLECTION

Sample collection procedures adopted for this method are flexible to allow adequate sampling
of a broad variety of matrices. The method also incorporates several field preparation steps
that are designed to preserve sample representativeness while reducing the mass of the
samples sent to a laboratory for analysis. Controlling the mass of the samples sent to a
laboratory from the field is a cost saving measure (see Section 8.2).

WARNING:

MOST OF THE SAMPLE COLLECTION PROCEDURES AND FIELD PREPARATION
PROCEDURES DISCUSSED IN THIS DOCUMENT ARE INHERENTLY DUSTY
OPERATIONS. THEREFORE, WHEN HANDLING SOILS OR BULK MATERIALS
THAT ARE KNOWN TO CONTAIN OR POTENTIALLY CONTAIN ASBESTOS, IT IS
IMPERATIVE THAT PROPER RESPIRATORY PROTECTION BE WORN WHILE
CONDUCTING THESE PROCEDURES.

8.1 SAMPLE COLLECTION

Any variety of commercially available field sampling equipment (trowels, shovels, augers,
corers, etc.) may be used to collect samples for this method. The equipment and
procedure(s) selected should be based on the nature of the material being sampled and the
depths over which samples are to be collected. Two common examples are presented
below. Whatever equipment and procedures are chosen, however, shall be applied
consistently and invariably at each sampling location13.

Whatever technique is chosen, the minimum size sample that shall be collected at each
sampling location shall be 1 kg. Larger samples may be required, however, if particularly
large (i.e. larger than a 4 or 5 cm in diameter) rocks or debris are present in the material
being sampled. To assure representativeness, the largest component sampled should
occupy no more than a few percent of the volume of the sample collected (Section 2.3). If
samples are to be composited (Section 8.2), they shall be of similar mass (i.e. differences in
mass between composited samples shall be no larger than 10% of the mass of the smallest
sample).

Location* from which son or bulk sample* are to be collected (hall be selected formally as part of • comprehensive
strategy fat b designed to provide • representative (unbiased) set of measurements for characterizing ithe releases of
asbestos from the entire source rrwtrbc of interact Procedure* for designing »ueh • strategy are beyond the >eope of
thia document but are available elsewhere (aee. for example, Berman and CheMon undated).

ft l» particularly critical, when collecting »*mpU» for toll or bulk •ibestos analysis, to minimize field decisions that might
alter the locations for *ample collection that have been telected a* part of a formal strategy. Such location* should be
representative of the variation of off characteristics of the sampled matrix that might affect asbestov release. It is
inappropriate, for example, to adjust the location of a sample just because a large rock happens to be located within
the footprint over'which the sample Is supposed to be collected: the presence of that rock as pert of that sampl* helps
to represent the fraction of the surface of the sampled matrix from which asbestos release cannot occur.

When used to represent the central characteristics of a large matrix, random or systematic sampling schemes depend
• on faithfully preserving the consequences associated with the choice of sacA sampling location, in general, therefore, rt
b not appropriate to alter the selected locations «vtn if collection of e sample at a specific location Is impossible.
Rather than altering such a location, any difficulties or Interference that may hinder sample collection at a defined
location shell be noted in detail in the field log book.
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All sampling equipment shall be washed thoroughly with water and detergent between
collection of each sample. Sampling equipment shall then be rinsed thoroughly with filtered,
distilled water and aHowed to air dry. Forced air may be used to expedite drying. If forced air
is to be used to facilitate drying, however, such air must be passed through a HEPA fitter to
prevent delivery of any potential contamination.

Record the identification number, the date, time, and method of collection for each sample in
a field notebook. Record the locations from which each sample is collected in the field
notebook. Note in the logbook any changes between the sampling locations proposed in the
sampling strategy and the actual locations sampled. As Indicated previously, such changes
are to be avoided to the extent possible. If changes are absolutely necessary, clearly

. document the rationale behind each change.

Supplement written documentation with photographs of each sampling location. This is
particularly important if the sampling locations are not laid out on a formal, documented
sampling grid that is tied to a permanent field marker.

8.1.1 Sampling to Derive Estimates of Asbestos Concentrations in a Road
Surface

To illustrate the important features of sampling for this method, assume that sampling is to be
performed to determine the concentration of releasable asbestos in the material of a
serpentine-covered road. In this case, it is assumed that measured asbestos concentrations
are to be related to current emissions so that it is only the actual surface layer of the road
that is of interest.

Sampling a road surface shall be conducted using a metal template to define the bounds of
each sample and a trowel (or other digging device) to remove material within the template to
a uniform depth of 0.5 in. (approximately 1.5 cm). To assure that the samples collected
exceed 1 kg in mass (assuming a density for unconsolidated serpentine of 2.2 g/cm3), the
sample volume should be a minimum of 450 cm3 (28 in3). Assuming, as indicated above, that
each sample will be excavated to a uniform depth of 0.5 in., an 8 In. square hole in a 12 In.
aluminum template works well.

At each selected sampling location, center the template on the defined location and press it
firmly against the ground surface. Carefully excavate the material within the template to a
uniform depth of 0.5 In. and place the material in a clean, pre-weighed bucket (see Section
8.2.1)14. Transport the sample to a central location on the site where field preparation
(Section 82) will be performed.

8.1.2 Sampling a Mine Tailings Pile to Derive Estimates of Asbestos
Concentrations Within the Pile

As a second illustration of sampling to support this method, assume that sampling is to be
performed to determine the concentration of releasable asbestos in the material of a mine

Depending on conditions encountered, ft may be necessary to remove surface debrla (such aa have* of foreign dust)
tram an area prior to tampUng. The determination •« to whether or to what extent surface debris need* to be removed
prior to sampling should be based on careful inspection of the sampling location and review of the motivation for
sampling. Surface dabri* should generally nor be removed unless such material Is clearly distinguished visually from
the matrix material to be sampled.
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tailings pile. Assume further that the goal Is to predict long-term emissions from the pile
based on the asbestos concentrations measured. In this case, it Is the concentration of
asbestos within the volume of the entire pile that Is of interest.

For the assumed tailings pile, conduct sampling using a hand auger (if the pile is no thicker
than a few feet) or a power auger or other drilling equipment (if the pile is significantly thicker
than a few feet). A coring cylinder that is 12 in. long and 2 in. in diameter (assuming an
average density for the pile material of 2.2 g/cm3) yields a sample of approximately 1.4 kg.
Such a cylinder shall be collected from each location (defined In 3-dlmensions: longitude,
latitude, and depth) that is selected for sampling within the pile.

Cores shall be driven until their mid-point overlies the proposed sampling location. Collect
the core carefully from each selected location, being sure that the entire core is extracted
from the pile. Transport the sample to a central location on the site where field preparation
(Section 8.2) will be performed.

8.2 FIELD PREPARATION

Although the following activities might conceivably be conducted in the laboratory (following
collection and shipment of kg size samples), to minimize the mass of samples sent to the
laboratory and thereby reduce costs, the following field preparation activities are incorporated
into this method. For special cases, assuming that the laboratory of choice has access to the
required equipment in the required protective enclosures, these activities may be conducted
in the laboratory rather than In the field.

Per the instructions in the following sections, samples that are collected as defined in Section
8.1 are to be:

• weighed;

• sieved to separate a coarse and fine fraction;

• the coarse and fine fractions are to be weighed;

• the fine fraction is to be homogenized and split; and

• each of the two final sub-sample splits of the fine fraction are to be weighed,
packaged, and shipped to the laboratory (as paired duplicates).

8.2.1 Weighing

As indicated in Section 8.1, samples snail be transported in dean, pre-welghed buckets from
the locations at which they were collected to a central location for field preparation. The first
step of the process shall be to weigh each sample.

Kg size samples are to be weighed using a field scale capable of reading mass with a
minimum precision of ± 10 g. If necessary, wipe the outside surface of each sample bucket
with a clean, dry (asbestos free) doth before placing it on the scale (Figure 8-1). Record the
mass measured for each sample (along with its identification number) in a field notebook and
subtract the tare weight of the bucket to derive the net weight of the sample.
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C Following size reduction (Section 8.2.2), both the coarse and fine fractions of each sample
are to be weighed again. If necessary, wipe the outside surfaces of the buckets containing
each size fraction with a clean, dry (asbestos free) cloth before placing ft on the scale.
Record the measured weight for each fraction in the field notebook under the appropriate
sample identification number. Subtract the tare weight of each bucket holding, respectively.
the coarse and fine fractions from the sample and record the net weights of each in the field
notebook.

Following homogenization and splitting (Section 8.2.3), sub-samples that are to be sent to the
laboratory are to be weighed yet again. In this case, sample weights are expected to range
between approximately 50 and 80 g (see Section 9.1) and will need to be measured on a
scale that can achieve a precision of ± 02 g. Depending on the types of equipment
available to the sampling team, this may or may not be the same scale that is used for
weighing the Initial (heavier) samples. When sending 50 to 60 g splits to the labo/atory, both
halves of the final sample split shall be sent to the laboratory as a duplicate pair.

Wipe the outside surface of each sample container with a clean, dry (asbestos free) cloth
before placing it on the scale. Record the weight, identification number, and pedigree of
each sample split of each duplicate pair sent to the laboratory in the field notebook (Figure
8.2). Subtract the tare weight of each sample container from each sample and record the net
weight of each sample in the field notebook next to the appropriate sample identifier.
Package and send each sample to the laboratory as described in Section 8.4.

8.2.2 Size Reduction

After collection and the initial weighing (described above), pass each sample through a clean,
wire-mesh sieve with 1 cm (3/8th in) openings. Reduce all clods and soft aggregates by
hand and force all reducible material through the sieve into a clean, pre-weighed bucket
(Figure 8-3). Stones and debris retained by the sieve that cannot be hand crushed shall be
placed in a separate pre-weighed bucket Once separated, the coarse and fine fractions from
each sample are to be weighed separately (Section 8.2.1).

Clean the sieve with detergent and rinse with filtered, distilled water between samples. Dry
the sieve with an asbestos free doth or with appropriately filtered, forced air before each use.

8.2.3 Sample Homogenization and Splitting

The fine fraction of samples collected for this method may be homogenized and split by
either of two procedures.
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Option 1: us* of a riffle splitter*5. Set a clean, dry riffle splitter with 3/4 to 1 in.
chutes (Figure 8-4) on its stand on flat ground and place two receiving trays under the splitter
so that they will each catch material that falls through one of the two sets of chutes (Rgure
8-5). Place the sample to be homogenized in a third splitter tray (which must be dean and
dry). Shake the splitter tray gently, until the sample is evenly distributed within the entire tray.

Place the long lip of the tray containing the sample against the inside of the long lip of the
splitter hopper and slowly rotate the tray along an access defined by its lip so that the sample
slowly empties into the splitter and slides down the near wa8 of the hopper to the chutes
(Rgure 8-5). Continue to rotate the tray until rt lies entirely Inverted over the top of the
hopper of the splitter.

Tap the tray vigorously several times to free any remaining material and remove the emptied
tray from the splitter. Tap the splitter vigorously several times to facilitate the flow of ail
material through the chutes into the receiving trays, tf necessary, any sample remaining
along any of the soldered corners and nooks of the. splitter may be freed with a dean, coarse
nylon brush. When brushing Is completed, tap the brush vigorously against the splitter wall
to free any material dinging to the brush16. Remove the two receiving trays (each
containing half of the sample) from the splitter.

What is to be done next depends on whether the goal is to homogenize the sample or to split
the sample. If the sample is in the process of being homogenized, combine the half of the
sample from each receiving tray back into the third tray from the splitter. Be sure to tap each
tray vigorously to assure quantitative transfer of the sample material. Replace the two empty
receiving trays under the splitter and repeat the process of splitting the sample (In the manner
described above). The sample should be subjected to a minimum of five cydes to assure
adequate homogenlzatton.

if the goat is to split (rather than homogenize) the sample, pour the material in one of the
receiving trays from the splitter into a spare bucket and tap the tray vigorously to assure
quantitative transfer. The remaining tray that still contains sample material now becomes the
new sample tray and the original sample tray (now empty), along with the just emptied
receiving tray, should be placed under the splitter as the new receiving trays.

Repeat the process of dispersing the remaining sample material (containing half the mass of
the originaj sample) by shaking the sample tray so that it is uniformly distributed. Repeat the
procedure described above for splitting the sample, discarding the material in one of the two
receiving trays each time, until the mass of the material in each receiving tray at the end of
one cyde faRs In the range of 50 to 80 g. At that point carefully transfer the material from

" RMUK* obtained a» part of the pBot study for this method (Batman and folk 1994} suggest that torn* rwprraWe dutt
may b* tost «*eh time • sample to passed through • riffle splitter, if the process to conducted carefuDy, however, such
toss may be kept sufficiently small to that the multiple passes required to homogenize and «p!it • sample properly wffi
not significantly «Htr the estimated concentration of dust and asbettoa dertved using this method: tosses should b* less
than an absolute maximum of 10 to 15% of th« total rtspirable dutt In tha Mmpla after as many aa 10 passes. Because
tha estimate of the magnttuda of loss wa» necessarily bated on measurements of samples that had to be suspended in
water, however, actual Iowa* (or moat eases an expected to be much smaller.

One Important consideration:- avoid uslrtg the »plitt«r in tha field on windy days (I.e. when wind velocities exceed
approximately S mph) unless an effective wind »cr«en can be devised.

" The brush wfll have to be washed, rinsed, and dried thoroughly before use on another sample.
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c each tray into a clean, pre-weighed sample bottle {Figure 8-6) to be weighed (Section 8.2.1)
and packaged for shipment to the laboratory (Section 8.4). Be sure that samples are
transferred quantitatively from each tray.

NOTE

NEVER MAKE A PARTIAL TRANSFER OF MATERIAL FROM A SPUTTER TRAY TO
A RECEIVING CONTAINER. THIS WOULD DEFEAT THE PURPOSE FOR
HOMOGENIZAT1ON AND SPLITTING BECAUSE TT IS IMPOSSIBLE TO ASSURE
THAT ALL OF THE SIZE COMPONENTS OF THE SAMPLE ARE TRANSFERRED
PROPORTIONALLY UNDER SUCH CIRCUMSTANCES.

Clean the .body of the splitter, all trays, and any appurtenant equipment (such as a nylon
brush) between samples (but nof between splits of the same sample) with a detergent wash
followed by thorough rinsing with distilled, filtered water. Be sure that the splitter, trays, and
appurtenant equipment are completely dry before use. These may be dried with forced air
that Is properly filtered to be free of asbestos.

Option 2: Use of a mixer with coning and quartering. Samples may also be
homogenized for this method using any of various sealed, rotating mixers (tumblers). The
mixers should contain internal baffles to promote mixing. Such mixers must be sufficiently
large to accommodate the largest sample to be homogenized17 with adequate room to
spare so that tumbling is facilitated. The mixers must be sealable to prevent the Doss of fines
during mixing.

Place the fine fraction of the sample to be homogenized in a clean, dry mixer. Seal the mixer.
Tumble the mixer at the manufacturers recommended speed for an amount of time
recommended by the manufacturer to assure adequate homogenizatton. Stop the mixer and
allow ample time (approximately 15 minutes) for the fines to settle. Disconnect the mixing
container from the rest of the mixer. Open the mixer.

Under this option, a procedure termed coning and quartering is used to split a homogenized
sample. Lay out a clean, aluminum plate on a flat surface. Hold the mixer immediately over
the center of the plate and rotate the mixer around an axis represented by the lip on one side
of its mouth so that the sample material slowfy pours onto the metal plate forming a
symmetrical cone (Figure 8-7). Keep the point at which the poured material impacts the cone
at the same spot and slowly raise the mixer as the pouring continues to keep the distance
between the mbcer lip and the top of the cone approximately constant When the mixer is
fully Inverted, tap It vigorously to complete the quantitative transfer.

To halve the cone, hold a second (clean, dry) aluminum plate directly over the apex (top
center) of the cone at an angle that is perpendicular to the aluminum plate on which the cone
lies. Slowly lower the second plate so that it splits the cone precisely in half (Figure 8-Ba).

f While holding the two plates steady, push one half of the cone off of the original plate and
A away from the rest of the sample (Figure 8-8b). Brush the area from which this material is

t

to b« eompo»B»d •* de»crib«d *n Section 8.3. th» am* m«y h«v« to b* cmp«bl» o» handling »»mplei
that range up 40 kg In *tee. •

e-11 . •





FJGURE 6-7

TRANSFERING SAMPLE FROM A MIXER TO A PLATE
FOR CONING AND QUARTERING

Mixer

Slowly
Increase

Till



FIGURE 8-6

CONING AND QUARTERING

Sfow I
Steady
Motion I



removed to complete a quantitative transfer, leaving only clean metal. Once half of the
sample material has been removed, withdraw the vertical aluminum plate slowly by pulling it
upward vertically.

To complete quartering of the cone, rotate the vertical aluminum plate above the cone 90° on
a vertical axis. Lower the plate slowly once again so that it splits the remaining portion of the
sample cone evenly into two new halves. Once again, quantitatively remove half of the
sample material (i.e. remove all. of the material from one side of the vertical plate). This
process may be repeated by quantitatively transferring the remaining sample material into a
clean bucket and pouring the sample onto the dean aluminum plate to form a new cone.

Repeat the coning and quartering process until the remaining quarters (or halves) of the
sample at the end of one cycle falls in the range of 50 to 80 g. At that point, carefully transfer
the material from each quarter (or half) into a clean, pre-weighed sample bottle to be weighed
(Section 8.2.1) and packaged for shipment to the laboratory (Section 8.4).

NOTE

NEVER MAKE A PARTIAL TRANSFER OF MATERIAL FROM ANY PORTION OF
THE CONE THAT DOES NOT INCLUDE A WEDGED-SHAPE SLICE THROUGH THE
CENTER OF THE CONE OVER ITS ENTIRE THICKNESS (DEPTH). THIS WOULD
DEFEAT THE PURPOSE FOR FORMAL CONING AND QUARTERING BECAUSE IT
IS IMPOSSIBLE TO ASSURE THAT ALL OF THE SIZE COMPONENTS, WHICH
WILL NOT BE HOMOGENEOUSLY DISTRIBUTED VERTICALLY THROUGHOUT THE
CONE OF THE SAMPLE, ARE TRANSFERRED PROPORTIONALLY.

8.3 COMPOSITING SAMPLES (OPTIONAL)

In many cases, there may be interest in limiting the number of analyses required to
characterize a matrix that serves as a potential source without sacrificing representativeness.
One procedure that may be employed for this purpose is to composite samples in the field.
Note however, while compositing can reduce the cost of analysis by reducing the number of
samples requiring analysis, also lost Is information concerning the spatial variability of the
sampled matrix. Therefore, If such information is desired for any particular reason,
compositing is not recommended.

Only minor adjustments to the field preparation procedures described above are required to
Incorporate compositing into this method. First, during planning, group the samples to be
collected in the field into sets that are to be composited. For example, there may be a desire
to combine alt samples from the eastern part of a road into a composite representing the east
end of the road. Similarly, samples from the west end might be combined into a west end
composite. Alternately, all samples from the road may be combined into a single composite,
representing the road as a whole. As another alternative, the composite road sample might
also be split into duplicate pairs to allow determination the variability contributed by sample
preparation and analysis. Such decisions shall all be determined during planning.
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NOTE

It is expected that the same set of locations will be selected for sample collection
whether or not compositing is employed; compositing only changes the number of
analyses required. This is because, the same number of samples collected from a set
of locations selected using the same formal procedures are still required to adequately
characterize the sampled matrix, whether or not samples are composited prior to
analysis.

When brought to the central location where field preparation is conducted, after the initial
weighing, the samples collected from a set that is to be composited can be combined in a
common bucket. Modify the procedures described in Sections 8.2.1 and 8.2.2 as follows:

transport each sample (of a set to be composited) from the point of collection to
a central location in a clean bucket;

• weigh the sample and record the weight along with the appropriate sample
identifier. Subtract the tare weight of the bucket and record the net weight of the
sample;

• sieve the sample and collect the fine fraction from each sample in the set to be
composited in a common bucket. Weigh the bucket containing the fines
following the addition of the contributions of each sample and subtract the
previous weight of the bucket to determine the net weight contributed by each
sample. Record the weight with the proper identifier in the field notebook; and

• transfer the coarse fraction from each sample in the set to be composited to a
common bucket Weigh the bucket containing the coarse fraction following the
addition of the contributions from each sample and subtract the previous weight
of the bucket to determine the net weight contributed by each sample. Record
the weight of the coarse fraction with the proper sample identifier in the field
notebook.

Once all the samples of the set to be composited have been collected and added, the
combined fine fraction from ail of the samples (which resides in a common bucket) shall be
given a separate identifier representing the Intended composite. Record the new identifier in
the field notebook. This material can now be treated as a single, composite sample for all
remaining steps of field preparation and sample handling, packaging, and shipment to the
laboratory. Thus, homogenize and split the sample as described in Section 8.2.3 and
package and ship the sample to the laboratory as described in Section 8.4. Record the
appropriate weights of the samples to be shipped as described in Section 8.2.1.

8.4 SAMPLE HANDLING AND SHIPMENT

Once their weights and identifiers are recorded, the samples to be shipped to the laboratory '
must be sealed and labeled. Fill out and apply appropriate labels to each sample bottle.
Record the date and time that each sample was created on both the label and the field
notebook and be sure that the identification numbers on the label and field notebook match.
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Fill out the appropriate chain of custody forms and seal each sample cap with a breakaway
label. As indicated in Section 12.2, be sure to complete the field activities report and to
include this report in the package with samples sent to the laboratory.

Wipe each sample to be shipped to the laboratory with a dean, asbestos-free cloth and place
it in a cooler. Ship samples to the laboratory in a cooler with ice to limit biological growth
during shipment. Sufficient ice must be provided to assure that samples remain cold until
received and processed by the laboratory.

NOTE

When matrices that are sampled contain a significant fraction of coarse material (i.e.
more than 10% by mass), the final determination of the concentration of asbestos in
that matrix must be adjusted to account for the fraction of coarse material. This
requires determining the ratio of the mass of fine material in the sampled matrix to the
total mass of material in the sampled matrix to generate a "coarseness adjustment
factor*. The concentration of asbestos determined for samples sent to the laboratory
must then be multiplied by this coarseness adjustment factor to determine the
concentration of asbestos in the sampled matrix.

Equations for deriving and using the coarseness adjustment factor are provided in
Section 11.4.3. The weights of the coarse and fine fractions of each sample are to be
included (along with the appropriate sample identifiers) as part of the field activities
report that is to be shipped with the sample to the laboratory (Section 12.2). This
assures that individuals responsible for estimating the concentration of asbestos for
the project have access to the required field information.
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9.0 SAMPLE PREPARATION BY DUST GENERATION

The primary purpose for sample preparation by dust generation that is described in this
section is to generate dust-laden litters that can be suitably prepared for analysis by an
appropriate method for the determination of asbestos in air18. The rate of generation of
total respirable dust is also monitored and is used both to estimate the total mass of
respirable dust in the original sample and to tie asbestos structure concentrations determined
from filters to the mass of the original sample. Such information might also be used in some
studies to characterize the releasibility of asbestos (or total dust) from particular sample
types.

A detailed description of the apparatus employed for dust generation and its theory of
operation is provided in Appendix A. Specifications and construction drawings are also
provided.

9.1 SAMPLE RECEIVING AND STORAGE

All samples received from the field are to be wiped ctean with a damp cloth prior to storage
or other handling. Samples shall be stored at ice temperature (to minimize biological growth)
until sample preparation is initiated. To minimize complications from biological agents, once
initiated, sample preparation shall be completed expeditiously. In any case, sample
preparation shall be completed within 48 hours.

Samples to be prepared using the dust generator are to be inspected for the presence of free
water. If a sample contains free water or if the sample appears visibly moist, it shall be dried
at low temperature. If time permits, place the sample in an open, shallow container and store
it for several days in a desiccator containing moist potassium carbonate dihydrate or another
salt that corresponds to the salt selected for humidity control (see Section 9.3.2). The type of
'salt placed in the desiccator is chosen deliberately; rather than to dry the sample completely,
the goal is to bring the moisture content of the sample into equilibrium with conditions that
will prevail in the dust generator.

If sufficient time is not available to dry the sample in a desiccator, the sample may be oven
dried. Dry the sample in an open, shallow container in an oven that is maintained at a
temperature below 60° C until the sample comes to constant weight Note that oven-dried
samples may require additional time for conditioning (Section 9.4.2) because the moisture
content of the sample will need to be increased to bring it into equilibrium with conditions
prevailing in the dust generator.

Once dry, samples smaller than 60 g can be loaded directly Into the tumbler of the dust
generator (Section 9.4.1). Larger samples must be homogenized and split, as described in
Section 9.2, prior to being placed in the tumbler of the dust generator.

'* Th» ISO method tor tr* dtUrmbittion of Mt»*to» in iir (utinfl «Kh«r «n Indirect of • direct filter preparation technique •
- Ch»tr*ld 1M3) is the default method recommended lot UM In tandem with thh method.
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9.2 SAMPLE HOMOGENEAT10N AND SPLITTING IN THE LABORATORY

Samples received torn the field that are larger than approximately 80 g must be dried, as
described above, and then homogenized and split as described in this section.

WARNING:

BECAUSE ASBESTOS CONTAINING DUSTS MAY BE GENERATED FROM THE
HANDLING AND PREPARATION OF BULK SAMPLES, ALL OF THE FOLLOWING
PREPARATION STEPS SHALL BE PERFORMED IN A PROTECTIVE ENCLOSURE
(I.E. A HEPA FILTERED GLOVE BOX OR AN APPROVED FUME HOOD THAT IS
DESIGNED TO MINIMIZE EXPOSURE TO LABORATORY PERSONNEL18). IT IS
ALSO NECESSARY THAT ALL HANDLING OF BULK SAMPLES BE CONDUCTED IN
A SEPARATE ROOM THAT IS PHYSICALLY ISOLATED FROM THE ROOM(S) IN
WHICH AIR SAMPLES ARE HANDLED AND ASBESTOS ANALYSIS IS
PERFORMED.

As with field homogenization and splitting (Section 8.2.3), either of two options may be
selected for homogenization and splitting in the laboratory. When performed in the
laboratory, however, such equipment must fit within an appropriately designed, protective
enclosure, which is why field preparation may be cost-effective.

Homogenize large samples in precisely the same manner as described in Section 8.2.3.
Once samples are homogenized, split samples in precisely the same manner as described in
Section 8.2.3. Continue splitting until a paired set of samples are produced that each contain
between 50 and 80 g of material. Record in a laboratory notebook the final weights and
identification numbers of the samples homogenized and split.

9.3 DUST GENERATOR SETUP

Prior to using the dust generator, a supply of at least 35 MCE filters must be conditioned and
stored for use, the constant humidity chamber must be loaded with the appropriate solution,
the scrubber must be primed, and air flow within the dust generator must be calibrated and
adjusted.

9.3.1 Conditioning a Stock of Filters

A stock of at least 35 filters (0.45 urn pore size. 25 mm diameter), all from the same filter lot,
must be conditioned In a desiccator overnight to bring them into equilibrium with the relative
humidity at which they will be used during a run. Place the 35 MCE filters in a desiccator
containing moist sah of the same variety as that selected to fin the pans In the humidity
control chamber ol the dust generator (Section 9.3.2). For most applications, this will be
potassium carbonate dihydrate (see Appendix A).

11 Th« woit <h»u)d b* pwtomwd In • CI«M II biohutrd hood u per ttn ip*cffic«tiom of Standard #49 of th« Nriond
Scnttttion Foundation.
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After storing the filters overnight in the desiccator, pre-weigh each filter to a minimum
precision of ± 0.0002 g20. Each filter shall then be placed in a separate, covered Petri dish
with its weight marked on the top of the container. The lids shall also be numbered
sequentially and the filters shall all be used during the run in the order numbered.

9.3.2 Initiating Humidity Control

Use asbestos-free (filtered, distnied) water to make a 2 L solution of saturated salt As
Indicated previously, for most applications, use potassium carbonate dihydrate (to achieve a
relative humidity of 43%), but other salts may be used for spedfic applications (see Appendix
A)21.

Prepare the solutions by placing 1000 g of the anhydrous salt into a one L container and
adding distilled water to fill the container. The container should be capped and additional
water and salt added as necessary the next day. No water or salt should be added within a
day of using the mixture since some time is needed to saturate the salt solution and form a
hydrate when adding anhydrous potassium carbonate. However, sufficient salt shall have
been added previously to assure that sufficient undissotved potassium carbonate dihydrate'
has precipitated in the container to form a closely spaced layer of the material on the bottom
of the shallow pans that will be covered with a thin layer of the solution (next paragraph).

Open the top of the humidity control chamber and remove the two pans. Fill each pan with
the saturated salt solution being sure that a small quantity of excess (undissorved) salt is also
transferred to each pan. Replace the pans and seal the top of the plastic enclosure; air
shoulti enter the enclosure primarily from the front opening.

9.3.3 Priming the Scrubber

Fill the round bottom flask of the scrubber'to about one third full with asbestos-free (i.e.
filtered, distilled) water. Initiate the flow of ice water through the entrance and exit
condensers. Adjust the variable voltage transformer on the heating mantle so that water in
the round bottom flask boils and the rate at which condensate drops back Into the flask from
the condensers is approximately equal to one drop per second.

9.3.4 Adjusting Initial Air Flow

The air flow within the various components of the dust generator must be adjusted so that
flow within the vertical elutriator will property separate and pass only respirable particles.
Based on the discussion presented in Appendix A (Section AJ2.3), the proper linear flow rate
in the elutriator shad be set at 0.31 cm/9, which is 5% greater than the Stokes' velocity
estimated for the largest spherical, respirable particles (i.e. those with a radius of 5

*° Fitera to b* u»»d to cofloct ««mpl*t oswr ttw feokinrtic Mmpfing tub* at tfw ttutritfw (»*t S*cSon 0.4.5) mun b«
wwfehtd to • minimum petition of 10.00002 g.

11 Not* thrt pottMhim cwborxifo dihydr»l» h not ttw ututl fomi d potuwum cvbonrt* told commtrcliHy. Th« usutl
comm»rcW 1om» tr« tho tnhydrow «nd th» M»quihydriU. Th» dihydnd* e»n b* modi by •Bowing «)th«r <H lh» com-
iweW vwMiM of tttt ud to «teiK> In ttMir utufeted tolution for torn* txtendtd ported o» ton* with «onw
cycling (BftflMM and Kolk \994). A WMk kpp«sr» to b« »uffici*nt but th» proem C»n t» w««l»Mtod by
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Next, calculate the required volumetric air flow, Vy, within the elutriator using Equation 9-1:

•

Vv = 81.1*V, (9_1)

where:
V, is the estimated linear flow rate required to separate respirable

particles (i.e. 0.31 cm/s); and

Vv is the corresponding volumetric flow rate (cm3/s) through the
elutriator.

The coefficient, 81.1, in Equation 9-1 corresponds to the cross-sectional area of the elutriator
(in cm2).

To adjust the initial flow valve settings on the pumps, first connect one of the flowmeters such
that air flows directly from the exit opening at the top of the elutriator that is nor articulated
with the bokinetic sampling tube22. This is the exit that opens directfy into the top, tapering
portion of the. elutriator (see Appendix A) and is labeled the "ME* opening In Figure A-1. A
fitter cassette containing a filter from the batch of filters to be used for the run shall be placed
between the flowmeter and the pump when adjusting the flow valve on this pump.

NOTE

The easiest way to directly connect a flow line to one of the top openings of the
elutriator (the ME or the 1ST opening) is to align the appropriate slide mechanism so
that a fitter mount is directly over the opening, mount a cassette without a filter into the
mount, and connect the air flow line to the exit side of the fitteriess cassette (see
Section A.1.6 of Appendix A). During calibration, such a line would then feed
sequentially into a flowmeter, a fitter-containing cassette, and a pump.

Connect a second flowmeter directly to the exit Kne of the scrubber (the entrance line of
which should already be attached to the two side exit openings on the elutriator) and place a
filter cassette containing a filter from the batch of filters to be used for the run between this
flowmeter and the pump for the scrubber.

Adjust the flow control valves on both the scrubber pump and the pump to be connected to
the ME opening of the elutriator so that flow in both lines are equal and that each flow is set
at 0.48%

Connect a third flowmeter to the exit opening on the top of the elutriator that articulates with
the isokinetic sampling tube. This is labeled the '1ST opening in Rgure A-1.

To MCM* tW» opening, k wffl b* nwatttiy to Ibmounl any filter cMMttM from th« appropriate *8dt mcchtnbm and
to ittgn on* of lh« two openings In th« •pproprteta atU* moctontsm ovor trw d«*ir*d opming in tft* »h«utor (*«•
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The flowmeter attached to the 1ST opening shall also be backed by a filter cassette containing
a filter from the batch to be used during the run and adjust the flow in this line so that it is
equal to 0.047'V,,*3. Due to the low flow required on this line, an auxiliary low flow valve is
also attached to this pump and must be adjusted to achieve the desired flow. To optimize
conditions, ft may be necessary to adjust the flow control valves on the three air lines that exit
the elutriator tteratively.

To prepare for a run using the dust generator, disconnect the flowmeters from the slide
mechanisms over the top openings of the elutriator (i.e. the ME and 1ST openings) and mount
fitters In each of the four cassette holders on the two slide mechanisms that cover the two
elutriator openings. Connect one of the air flow lines coming off of the T from each pump to
each of the two filters on the same slide mechanism for the appropriate opening of the
elutriator (i.e. the opening for which the pump had been calibrated). Then adjust each slide
so that one filter cassette is aligned directly over each elutriator opening. Be sure that the
valves on each T are configured so that flow is directed from the filter cassette that is
aligned directly over the elutriator opening (see Section A.1.6 of Appendix A).

NOTE

The connections between the exit side of the filter cassettes mounted on the slide
mechanisms and the flow control valves on the pumps should now be direct; there
should be no second filter cassette in the line.

The flowmeter attached to the exit line of the scrubber may remain attached during a run to
monitor air flow through the scrubber. H there is a desire also to monitor airflow through one
or both of the filter cassettes mounted over the top openings of the elutriator during a run,
flowmeters may now be attached to the downstream side of the filter cassettes (I.e. between
the filter cassettes and the pumps). Due to the pressure drop across the filters, however, the
readings from these flowmeters must be adjusted using the following equation to provide
estimates of the true flow through each elutriator opening:

(9-2)

where:
F, Is the true flow rate through the elutriator opening (cm/s);

•j» .
, *

Rf is the flow reading from the flowmeter (cm/s);

Pf is the pressure at the flowmeter (torr);

Tf Is the absolute temperature at the flowmeter (°K);

Tht co«fficJ»*t 0.047. u««d to ••timrt* the volumetric flow rait for clr pwbtg throuph th« Iwkinttic i«mpl»r r.p;o»»nt»
ft* fraction «»th« croi*-Mctional «r«» of th« •Mriator that fe «ufat«nd»d by Iht teoUrwtic •tmpRno; tub* and th«r*)of •
«»pr»»«nt» tho fraction of th. total flow th.t •houtd p**» through tt» tub*. M»uming th«l flow In th» .lutrirtw hw
property wl ' . '
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P, is the pressure at the elutriator opening (torr); and

Tt te the absolute temperature at the elutriator opening (°K).

To use this equation, Pf and P, will have to have been measured during flow calibration, prior
to a run, using mercury manometers or other appropriate pressure measuring devices.
Generally, T, and Tf can be considered equal and wfll drop out of the equation. However,
Equation 9-2 can also be used to adjust flow readings between caBbrations and runs that are
conducted on different days, such that temperatures may vary between the time during which
the calibration was conducted and the time that the run is performed.

9.4 DUST GENERATOR OPERATION

To prepare asbestos samples using the dust generator, toad the tumbler, condition the bulk
sample, begin the run, monitor the rate of dust generation, and collect appropriately loaded
filters for asbestos analysis. Asbestos is also collected in the scrubber. Prior to use, be sure
that the dust generator is clean (see Section 9.5).

9.4.1 Loading the Tumbler

Detach the tumbler from its drive motor and the vertical elutriator and remove it from the
plastic enclosure at the bottom of the dust generator (see Appendix A). Place the tumbler on
a flat surface and open the top for loading. Be sure that the tumbler is dean prior to loading.

Introduce a sample25 by holding the sample container against the inner lip of the tumbler
and tilting the container so that the sample pours smoothly into the tumbler. Move the
sample container back and forth along the length of the tumbler to facilitate' uniform
deposition of the sample hi the tumbler. When pouring Is complete, tap the sample container
vigorously so that the quantitative transfer is complete. The masses of samples introduced
into the tumbler shall range between 50 and 80 g. Larger samples shall be homogenized and
split prior to loading as described in Section 9.2.

Shake the tumbler gently to assure uniform deposition of the sample within the tumbler, which
should be no more than about one third full. Be sure that the rubber gasket on the tumbler is
in good repair and properly seated. Replace the gasket If it Is worn. Secure the top of the
tumbler with to screws and replace the tumbler within the plastic enclosure at the bottom ol
the dust generator. Reattach the elutriator entrance tube and D.C. motor to the tumbler (see
Appendix A).

B«C«II** th* viacotHy of tb l» •ontowhail tMnpvratur* d*p«nd«rit. wrun run* tra to bo conducted «t l*mp«ratur»i thai
dm* by mort than • taw dagroM from room lompmatur* (nominally 20° q. Equation A.10 (to Appontfx A) m«y twvo
to t* »d(u*l.d to tceoum (or ft* v»rytno vfeco*»y (M« Equation JU) to th«t *• comet How toglmo cut bo »*t»hl*h»d
at tho now t»mparttur» to nun IhH MM olutrMor o« tho dtKt Qonwttor put** only rMpirabl* pwfete*.
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c
9.4.2 Conditioning the Sample

Before conditioning the sample, be sure that the dust generator has been properly set up.
This means, check that:

• the pans in the constant humidity chamber have been filled with saturated
solution;

• filters have been mounted on each of the four cassette mounts on the slide
mechanisms atop the elutriator;

• water is boiling in the scrubber;

• the air flow valves have been properly set; and

• all air lines between the dust generator, flow valves, and pumps are properly
configured (see Section A.1.6 of Appendix A).

To condition the sample, turn on all pumps and begin the flow of air through the dust
generator. DO NOT TURN ON THE TUMBLER MOTOR. Allow the flow of air to continue for
a minimum of two hours before beginning a run. If the sample was oven dried rather than
equilibrated with an appropriate salt in a desiccator (Section 9.1), the sample should be
conditioned for a minimum of four hours prior to Initiating a run.

9.4.3 initiating a Run

Once the sample has been conditioned, set the tumbler drive motor to 30 rpm and turn it on.
Simultaneously, move the two slide mechanisms at the top of the elutriator so that new, clean
filters are now aligned over both the ME and JST openings of the elutriator. Be sure to
change the valve orientations on the lines leading to the filters so that air flow is directed
through the filter cassettes that are newly aligned with the elutriator openings.

*

Replace the filters originally aligned over the elutriator openings (but no longer aligned) with
dean filters and weigh and store the old filters in labelled Petri dishes. These filters are
equipment blanks. After five, minutes,26 move the sliding mechanism again to bring new,
clean fitters over the ME and 1ST openings of the elutriator. Immediately after the filters are
brought out of alignment, dismount the cassette and turn the potentially dust-teden side of
the finer face up before halting the flow of air through the filter (by turning the appropriate
valves). Once flow from the dismounted cassettes has been halted (correspondingly, flow will
have been re-directed to the cassettes that are currently aligned over the elutriator openings),
replace the dismounted filters with clean filters and weigh and store the dismounted filters In
labelled Petri dishes. These filters are run blanks.

As the run proceeds, record the times that air flow was started and stopped for each filter, the
initial and final weights of each filter, and the identifier of each filter In a log book.

Thi* biferol to Mtocttd b«c«ust. In the ab*«nc« of ch*nr»Cng. ftv* rnlnulM to ju*t (*u thwt th# time over which th«
I MtMt pcrticlci *t* vxpvctod to rtich th# filter.
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9.4.4 Monitoring the Rate of Resplrabte Oust Generation

The rate of respirabie dust generation is monitored during a run by recording the weights of a
set of fitters that are sequentially changed out of the fitter mounts over the ME opening of the
elutriator at defined, regular intervals.

Initially, change the filter that is aligned over the ME opening of the elutriator at intervals of
five to eight minutes. The change is accomplished by moving the silde mechanism to switch
a new filter into alignment at the same time that the old fitter is switched out of alignment.
Immediately after the filter is brought out of alignment, dismount the cassette and turn the
dust-laden side of the fitter face up. before hatting the flow of air through this fitter (i.e. by
turning the appropriate valves to re-direct air flow to the fitter that is newly aligned over the
ME opening). Exchange the old filter for a new filter.

NOTE

Because the time during which air flow is directed through a dismounted cassette
(rather than the filter that is aligned over the elutriator opening) results in a disturbance
in the otherwise smooth flow of air through the elutriator, the changing of filters shall
be performed expedttiously. As long as this interval is not more than a few seconds,
however, studies indicate that this effect is not significant (Berman and Kofk 1994).

Along with the proper identifier, record the times during which air flow is started and hatted for
each fitter. Weigh each filter after dismounting. Record the initial and final weights of the filter
and the net weight of dust deposited on the filter (i.e. the difference between the initial and
final weight).

After exchange of the first two or three filters, the interval over which dust is collected on each
filter may be optimized. The ideal weight of dust to be deposited on each filter is between
0.01 and 0.03 g (Berman and Kolk 1994). Based on the rate of dust deposition on the first
two or three filters, estimate the Interval of time required to deposit approximately 0.02 g and
exchange later filters at this rate (see Section A.2.2 of Appendix A, Equation A-8)27.
However, it Is important that time be adjusted so that no more than 0.03 g be deposited on
each fitter because the possibility that a portion of the deposit acddentiy drops from the fitter
increases as the weight of the deposit on the fitter increases.

NOTE
*

Until there Is a need for generating filters for asbestos analysis (see Section 9.4.5), the
fitters that get aligned over the 1ST opening of the elutriator need to be changed onty
one fifth to one tenth as often as the fillers over the ME opening of the elutriator.
These fitters shaB be changed at this lower rate, however, to prevent the potential for a
heavy deposit to drop off of the fitter and fail back into the elutriator.

At DM beginning ofanmthtnteofdint <f»po«l|ion on th« fitter* h«* bMfi obMnwd to b« rwuly coruUnt with tim«.
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Continue the run at 30 rpm (with continuing exchange of filters) for approximately two hours;
this time interval has general!/ been observed as sufficient to define the rate of respirable
particle release at this rotation rate (Berman et al 1994a). Generally, the plot of the release of
respirable dust versus time at 30 rpm shows almost no curvature (see Section 11.2).

After completing the run at 30 rpm, select a new. higher rotation rate to continue the run.
Generally, the new rotation rate selected shall be 60 rpm, unless the rate of release at 30 rpm
was noticeably low in comparison with prior runs on other samples, in which case 80 or
120 rpm shall be used.

NOTE

Use of the highest rotation rates should generally be avoided, unless there is
compelling evidence for their efficacy, because they tend to facilitate the transport of
non-respirable particles from the tumbler into the bottom of the elulriator and, if such
transport is heavy, this may affect results (see Section A.1.3 of Appendix A).

Continue the run at the higher rate of rotation by collecting a minimum of eight additional
dust-laden filters. The same procedures outlined above should be continued for collecting
data during the run at this higher rotation rate except that the interval between the exchange
of filters must be adjusted downward to assure that deposits on these latter filters do not
exceed 0.03 g (see Section A.2.2 of Appendix A, Equation A-8, but note that the rate
constant, k, is dependent on the rotation rate for the tumbler so that Equation A-8 cannot be
extrapolated across runs).

When the run is complete, turn off the tumbler motor but allow the air flow to continue for ten
or fifteen additional minutes to empty the elutriator. Be sure to continue the exchange of
filters, if necessary to prevent overloading. The air flow pumps may now be shut off.

9.4.5 Generating Appropriately loaded Fitters for Asbestos Analysis

The primary purpose for collecting dust on fitters mounted over the exit of the isokinetic
sampling tube of the elutriator (the opening labeled 1ST" in Rgure A-1) is to obtain samples
suitable for asbestos analysis using a direct transfer technique, although'use of an indirect
transfer technique is not precluded. This is an option built into the design of the dust
generator as an alternative to preparation of a specimen for asbestos analysis using the liquid'
from the scrubber, which necessarily mimics an Indirect transfer technique because (in the
scrubber) the asbestos is captured and suspended in water.

Collect fitters for asbestos analysis near the end of each of the two runs (i.e. one run at each
of two rotational speeds for the tumbler) that is described in the previous section of this
chapter. Filters to be used for asbestos analysis shall be collected at the end of the runs
both because this will be the period when the rate of asbestos emission is the lowest and
because sufficient time will have elapsed over each run to aUow a steady-state distribution of
particle sizes to have developed In the dust traversing the elutriator. At the beginning of a
run, only the smallest (fastest) respirable particles reach the filters and It takes time for the
larger (slower) respirable particles in the air stream to begin reaching the filters in numbers
that are proportional to their rate of emission from the tumbler, ft takes several tens of
minutes for transport of a steady state distribution to develop.
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Collect multiple filters during each run that bracket the estimated time during which an
optimal loading for analysis of a directly prepared specimen is expected to be achieved.
Mount, exchange, dismount, weigh, record, and store filters precisely in the manner described
in Section 9.4.4,

Estimate the time required for achieving an optimum loading as follows. The optimal mass
loading on a filter to be prepared by a direct transfer technique lies between 1 and 10 \ig
(see. for example, Berman and Chatffeld 1990). Assume a target of 5 jig. However, this may
have to be adjusted based on experience with the dust generator. Equation A-7 (Appendix A)
can then be re-arranged to estimate the time required to collect 5 |ig (or some other defined
mass) of dust: .

At = AMf/0.047*k*Ms (9-3)

where:
M$ is the mass of respirable dust remaining in the sample at time T after

the beginning of the run, but tt is assumed constant over the short
interval of time "At" (g);

AM,is the mass of respirable dust collected on a filter over the 1ST opening
during the short time interval "At" (as indicated above, assume a target of
5 pg or 5 x to* g):

At is a short time interval (no more than several minutes) during which the
release of dust is being estimated (s); and

k is the first-order rate constant for the release that is derived from the
dust measurements collected during the run (s*1).

The mass of respirable dust remaining in the sample during the time interval of interest (Kg) is
estimated using a rearrangement to Equation A-2 (Appendix A):

M, = M0-exp(-kt) (9-4)

where:
M, Is the mass of respirable dust remaining in the sample at time T (g);

M. is the mass of respirable dust In the sample at the start of the run (I.e. at
time t = 0) (g).

t rs the time from the start of the run to the beginning of the time interval
•Af (s); and

k is the first-order rate constant for the release (s*1).
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Based on the recently completed pilot study for this method (Berman et al. I994a), a typical
( rate constant for dust emission from the tumbler is 0.004 min"1 (6.7 x 10"5 s"1). Results from

this study also suggest that the range in respirable dust content fikely to be encountered for
samples typically run using the dust generator may vary between 0.5% and 2%. Therefore,
given a typical cample mass of 70 g, M0 for the 30 rpm run likely ranges between
approximately 0.17 and 0.66 g. Given that a typical 30 rpm run lasts for approximately
3 hours (1.1 x 104 s) and substituting these values for M^ k, and t into Equation 9-4, and
then substituting the subsequent estimate of M5 into Equation 9-3, It appears that between
2.3 and 9 seconds would be required at the end of the 30 rpm run to collect 5 pg of material
on a filter loaded over the IsoKinetic sampler.

Similarly, assuming that the initial mass of resplrable dust in a cample at the beginning of a
60 rpm run, M^̂ ,, is equal to the remaining mass at the end of the 30 rpm run (i.e.Jhe 'M8'
calculated above), remembering that a 60 rpm run typically lasts 2 hours (7.2 x 103 s), and
once again noting the typical value for k indicated above, Equation 9-4 is used to estimate an
appropriate M8 for the end of a 60 rpm run. Substituting this new value into Equation 9-3, it
appears that between 4 and 15 seconds may be required to collect 5 \ig of material on a filter
that is loaded over the isokinetic sampler at the end of a 60 rpm run.

Given the above, to properly bracket the optimal loading for a filter to be employed for
asbestos analysis using a (direct transfer technique), collect filters over the 1ST opening of the
elutriator that are exposed for periods of 3, 10, and 20 seconds (at both the end of the
30 rpm run and the end of the 60 rpm run). •.

9.4.6 Obtaining Asbestos Samples from the Scrubber

At the end of all runs for a particular sample (after all pumps have been shut off), turn off the
heating mantle to the sc'ubber and let it cool for 10 to 15 minutes before discontinuing the
flow of ice water to the condensers. Disconnect the outlet lines from the elutriator to the
scrubber at the elutriator. Samples shall be extracted from the scrubber expeditiousty to
minimize losses to the walls of the glassware and to faciftate cleaning.

To minimize loss, before disconnecting the transfer fines and condensers from the round-
bottom flask of the scrubber, pour approximately 100 ml of asbestos-free (filtered, distilled)
water down the exit condenser and another 100 ml down the transfer lines and entrance
condenser. Such rinsing should be performed in multiple stages, approximately 20 ml at a
time. Swirl each condenser (and the transfer lines) as the water drains Into the flask. Tap-
each condenser (and the transfer lines) several times after .rinsing to assure a reasonably
quantitative transfer.

Detach and remove the round-bottom flask from the condensers and fts stand and pour the
contents of the flask Into a dean, pro-weighed, wide-mouthed 1 L plastic container. Rinse
the round bottom flask several times with additional asbestos-free water to assure a
quantitative transfer of any residual solids. Reweigh the container and record the net weight
as the total weight of suspension. If necessary, the sample may then be stored at ice
temperature until it can be prepared. However, preparation shall not be delayed for more
than 48 hours.

Immediately prior to fitter preparation, add 1.5 g/L of sodium hexametaphosphate to the
suspension In the plastic container. Shake the suspension vigorously and divide it
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approximately evenly into two (or, if necessary, three) 500 ml Erlenmeyer flasks. Place the
flasks on a laboratory shake table for approximately three hours. Quickly re-combine the
contents of the two. (or three) flasks into a dean, plastic container (with minimal flushing) and
place the container in a sonicator. Sonicate the suspension for approximately 1 minute (with
the power of the sonicator set at no more than 0.1 W/ml). Withdraw one ml with a disposable
pipette from the center of the volume of the suspension in the plastic container and dilute this
with asbestos-free water to 100 ml in a dean, volumetric flask.

The mass of respirable dust collected In the scrubber should be equal to the sum of the
cumulative mass of dust measured on the filters collected above the ME opening of the
elutriator over the entire run(s) during which the scrubber suspension was collected. Use this
estimated mass (and account for the 100-fold dilution performed as described in the last
paragraph) to estimate the size of alfquots required to produce filterable suspensions
containing: 0.5, 2, and 5 |ig of respirable material. Dilute each aliquot to a minimum total
volume of 20 ml and finer each aliquot in the manner described In Sections 10.34 and 10.35
of the ISO Method for the determination of asbestos in air using an indirect transfer technique
(Chatfieto 1993)28.

The filtered aliquots shall all be prepared as described in Section 10.1 and scanned briefly at
low magnification in the TEM to select the optimally loaded specimen for detailed analysis
(see Section 11.1.2).

9.5 CLEANING THE DUST GENERATOR

The dust generator Is designed for quick and easy assembly and disassembly to facilitate
cleaning. Most of the joints are simple friction couplings or ring damp couplings. To clean
the dust generator, disconnect and disassemble the tumbler, remove the bottom cup and
dust collector system from the elutriator, decouple the two halves of the elutriator tube,
disassemble the slide mechanisms of the dust collector and disconnect the transfer lines to
the scrubber. The metal pieces of the dust generator may then be washed with
biodegradable detergent rinsed with asbestos-free water, sonicated briefly, and rinsed again.
The pieces may then be left to dry In room air or may be dried with a forced, HEPA-filtered air
stream.

The glassware of the scrubber shall also be washed with biodegradable detergent and
asbestos-free water, rinsed liberally, and dried in room air or dried with a forced, HEPA-filtered
air stream. It is recommend that new transfer lines between the elutriator and the scrubber
(constructed of 1.00 in. l.d. Tygon tubing) be cut and installed after each deanlng.

. A* Indicated In Chaifold {IMS}, ffltera to to •mp4oy*d lor filtering tcmbbw •iMptralortt w» of • 4HfM»nt typ« than
the«« employ** in du*t e*f»rator mount*. Fat«t» uwd to fthtr tcrubb* tutp*n*ion w* to b« ttw 022 v* por« »tz«
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10.0 PREPARATION OF SPECIMEN GRIDS FOR TEM ANALYSIS

For Superfund applications of this method, asbestos analysis of all samples prepared using
the dust generator are to be performed on specimen grids prepared from aliquots of the
scrubber suspension. In addition, for a minimum of a subset of 5% (preferably 10%) or 10
.samples (whichever is greater), asbestos analysis is also to be performed on specimen grids
prepared by a direct transfer technique from filters collected over the 1ST opening of the
elutriator (i.e. the opening over the isokinetic sampling tube). These analyses are then paired
with the analyses of asbestos from scrubber suspension collected during the same runs to
provide a link between samples prepared by each technique.

The primary reason for preparing 100% of samples from the scrubber suspension Is to
facilitate identification of distinctions In sample characteristics; samples prepared in this
manner are expected to exhibit the best precision among the options for this method. At the
same time, when comparing results to published slope factors, the apparent need for
normalizing asbestos analyses to counts derived from directly prepared specimens (see, for
example, Berman and Crump 1989) is satisfied by providing a subset of samples prepared"
both ways to allow a regression to be performed linking results from the scrubber suspension
samples to specimens prepared by a direct technique. As indicated previously (Section
2.1.3). the recommended procedure is based on a compromise allowing optimum precision
for distinguishing among relative measurements (and relative risks) while excepting a small
reduction in the precision of estimates of absolute risk.29

10.1 PREPARATION OF SPECIMEN GRIDS FROM FILTERED ALJQUOTS OF THE
SCRUBBER SUSPENSION

Filters generated from aliquots of the scrubber suspension (as described in Section 9.4.6)
shall be prepared using the direct transfer technique that is described in Sections 10.5 of the
ISO Method (Chatfleld 1993). As indicated previously, multiple aliquots representing a
sequence of dilutions are to be prepared to allow selection of the optimaBy loaded fitters (and
corresponding set of specimen grids) for final, detailed analysts.

From each filter, prepare a minimum of three specimen grids: one from near the center of the
filter, one from a location that is half the distance between the center and the outer edge, and
one from near the outer edge of the filter.

10.2 SPECIMEN GRID PREPARATION FROM FILTERS COLLECTED OVER THE 1ST
OPENING OF THE ELUTRIATOR

Although this method specifies that filters collected over the 1ST opening of the elutriator shall
be prepared using a direct preparation technique, an Indirect preparation technique is also
described, as an option for non-Superfund applications.

For other eppfietfons of this method, option* might include prtpirrfon of 100% of semple* from filters collected over
the 1ST opening of th* ehitrietor «nd/or preparation of filter* collected over this opening using *n Indirect trend*
technique. The method It designed to be flexible.
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16.2.1 Specimen Grid Preparation Using a Direct Transfer Technique

Filters collected over the 1ST opening of the elutriator (as described in Section 9.4.5) shall be
prepared using the direct transfer technique that is described In Section 10.5 of the ISO
Method (Chatfield 1993). As indicated previously, sections of multiple filters representing a
range of loadings are to be prepared to allow selection of the optimally loaded specimen
grids for final, detailed analysis.

From each filter that has been collected over the 1ST opening, prepare four specimen grids
from locations on the filter that are each separated by 90° radially. Select two of the
locations (from opposing sides of the filter) at points that are about two thirds of the distance
from the center to the edge of the fitter. The remaining two locations shall be selected at
points that are about one third of the distance from the center to the edge of the filter. Such
an arrangement will eliminate any effects potentially associated with a linear gradient across
the fitter that may develop due to the brief time over which the fitters are exposed to air flow
from the elutriator and, consequently, the potentially significant time during which the filter is
being slid in and out of alignment

10.3 Specimen Grid Preparation Using an Indirect Transfer Technique

As an option to the procedure described in Section 10.2.1 above (for non-Superfund
applications only), filters collected over the 1ST opening of the elutriator (as described in
Section 9.4.5) may also be prepared using the indirect transfer technique that is described in
Sections 10.3 to 10.5 of the ISO Method (Chatfield 1993). For this option, multiple sections of
the most highly loaded filter obtained from the dust generator shall be prepared using a
range of dilutions to allow selection of the optimally loaded specimen grids for final, detailed
analysis.
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11.0 PROCEDURES FOR ASBESTOS AND PUST ANALYSIS

1 1 .1 PROCEDURES FOR ASBESTOS ANALYSIS

Specimen grids prepared as described in Chapter 10 are to be analyzed using transmission
electron microscopy (TEM). Follow the procedures for analysis described In the ISO Method
(Chatfield 1993) including procedures for:

• examining specimen grids to determine acceptability for analysis;

• structure counting by TEM (except determination of the stopping point);

• structure morphological classification;

• structure mineralogies! identification; and

blank and quality control determinations.

The stopping points for the analyses conducted in support of this method are a function of
the required sensitivity for the method and are defined in Sections 11.1.1 and 11.1.2 below.

Begin by examining one of each set of specimen grids derived for a defined loading from a
particular run of the dust generator and select the optimally loaded set for analysis. Use the
criteria for determining the acceptability of specimen grids (from the ISO Method) to define
optimal loading.

When performing detailed analysis, be sure to distribute asbestos counts evenly over the
entire set of specimen grids prepared from a particular filter at a defined (optimal) loading.
Record the morphology and mineral type of asbestos structures as described in the ISO
Method (Chatfield 1993). Also as described in the ISO Method, complete separate scans for
counts of total structures and, at lower magnification, for counts of structures longer than
5 (im.

11.1.1 Analysis of Specimen Grids Prepared from Filters Collected Over the 1ST
Opening of the Elutriator

Prior to initiating a detailed analysis of specimen grids, the stopping rules for the analysis
must be defined. Assuming these specimen grids have been prepared using fi direct transfer
technique (as discussed in Section 102), define the stopping rules for the detailed analysis
as follows.

First, calculate the maximum number of grid openings that will have to be scanned during the
analysis from the relationship:
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where:
Ngo is the maximum number ot grid openings to be scanned;

Sd is the number of structures required to define detection using the
analysis (defined here as 1);

A, is the total area ot the filter from which the specimen grids were
prepared (mm2);

%RD is the mass percent of respirabie dust in the sample and is defined
using Equation 11-9;

Ssmp| is the required analytical sensitivity for the method (s/g);

is the area of a single grid opening (mm2); and

AM, is the mass of respirabie dust collected on the filter from which the
. specimen grids were prepared. It is defined using Equation A-7 of

Section A.2.2 of Appendix A (g).

The following are typical values for the above parameters:

sd =': 7ssmpi = 5 x 1Q/ (for total structures) or
= 3 x 106 (for structures longer than 5 jim)30;

Aj = 382 mrrr:
A0 . = 8.1 xlO^mm2;
%RD = between 0.5% and 2%31; and
AM, =5 jig32;

Given the above values, it is estimated using Equation 11-1 that between 1 and 4 grid
openings will typically need to be scanned to derive a count of total structures. However, a
minimum of 4 grid openings shall be scanned during any analysis. Based on the above.
similarly, between 15 and 62 grid openings will typicalfy need to be scanned to derive a count
of structures longer than 5

The number of grid openings to be scanned for specific analyses shall be determined by
substituting case-specific values tor the above listed parameters into Equation 11-1.

Stop the counting, characterization, identification, and recording of asbestos structures on a
particular analysis when one of the following obtains:

* 6«« Section 2.1.1.

* Thi» b th* rtnp of valuM ottt«rv*rf for • drv.r»» vui«ty of tampta teit»d du*>fl th» pilot rtudy fw lhi« nuthod

£•• S««ti«ni 8.4.5 and Ai2 of Appmdix A.
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• the scan is completed for the grid opening on which the 50th asbestos structure
:£ counted; or

• either 4 grid openings or the maximum number of grid openings (estimated as
defined above), whichever is greater, are scanned completely.

These rules are to be applied separately to the scan for total structures and the scan for long
structures (i.e. longer than 5 jim) that are described in the ISO Method.

11 .1 .2 Analysis of Specimen Grids Prepared from Filtered Scrubber Suspension

Prior to initiating a detailed analysis of specimen grids, the stopping rules for the analysis
must also be defined in this case. Given that these specimen grids have been prepared as
described In Section 10.1, define the stopping rules for the detailed analysis as follows.

First, calculate the maximum number of grid openings that will have to be scanned during the
analysis from the relationship:

where:
Ngo is the maximum number of grid openings to be scanned;

Sd is the number of structures required to define detection using the
analysis (defined here as 1);

A, is the total area of the fitter from which the specimen grids were
prepared (mm2);

%RD is the mass percent of respirable dust in the sample and is defined
using Equation 11-9;

ssmpi is tne ^quired analytical sensitivity for the method (s/g);

A^ is the area of a single grid opening (mm2);

DF is the dilution factor by which the scrubber suspension had to be
diluted to prepare specimen grids that are suitably loaded for
analysis; and

M^^ is the mass of respirable dust collected In the scrubber suspension
during the run.

The dilution factor, DF, is simply the product of the individual dilution factors for the two
sequential dilutions performed to derive the final volume that is ultimately filtered (per the
procedure defined in Section 9.4.6):
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OF = (V^nVV^) (11-3)

where: -
V, Is the volume of the initial scrubber suspension (which is estimated from

the recorded weight of the supernatant assuming a density of 1 g/cm3)
(ml);

Vtt is the volume of the first aliquot collected from the scrubber suspension
for further preparation (the default defined in Section 9.4.6 is 1 ml);

Vd is the volume into which the first aliquot from the suspension is diluted
(the default defined in Section 9.4.6 is 100 ml); and

Vjg is the volume of the final aliquot collected from Vd that is ultimately
filtered for preparation of the optimally loaded specimen grids (ml).

The mass, of respirable dust collected in the scrubber suspension, M8Cfbr, Is derived from the
cumulative mass of dust collected during the run on filters that are mounted over the ME
opening of the elutriator (defined below as M,). These differ by the ratio of the air flow into
the filters and the air flow into the scrubber:

Mscrbc <* M,'{Fs/Fc) . . (11-4)

where:
Mscrbr i8 the rnass of resP'rable dus* collected In the scrubber during the

run (g);

Mj is the cumulative mass of dust collected on the filters (mounted over the
ME opening of the elutriator) during the same run (calculated from
Equation A-4 of Section A.Z1 of Appendix A);

F, is the volumetric air flow rate into the scrubber (cm3/s); and

Fc is the volumetric air flow rate into the filters over the ME opening of the
elutriator (cm3/s).

Assuming air flow In the elutriator is setup as described in Section 9.3.4, Fft and F( are equal
so that M,̂  simply equals Mj. .

Given the typical values for the corresponding parameters provided In Section 11.1.1,
assuming a typical value for DF w of between 2 x 10* and 4 x 104, and selecting a range of
typical values for M, (I.e. between 0.1 and 0.2 g) from among the range observed during the
pilot study (Berman et aJ. I994a), it is estimated using Equation 11-2 that between 1 and 8
grid openings wTO need to be scanned to derive counts of total structures. Similarly, H is
estimated that between 6 and 133 grid openings will need to be scanned to derive counts of
long structures (i.e. longer than 5 |im).

Thta M*um«» typfcd vftJvw* for M, (bttWMti 0.1 and 0.2 fl) from among th« rang* of V«|UM otwwvwd wiwng d)v«f»*
Mmptot during tt» pilot *tudy (B«rmvi and folk 1994) wid turthw •MUIM* that ttw dilution teeter b Ml*dtd so w to
produe* i tading of 5 »g on lh« <ilt*r.
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Determine the actual number of grid openings required for a specific analysis by substituting
case-specific values for the above parameters into Equations 11-2, 11-3, and 11-4.

Stop the counting* characterization, Identification, and recording of asbestos structures on a
particular analysis when one of the following obtains:

• the scan is completed for the grid opening on which the 50th asbestos structure
is counted; or

• either 4 grid openings or the maximum number of grid openings (estimated as
defined above), whichever is greater, are scanned completely.

These rules are to be applied separately to the scan for total structures and the scan for long
structures (i.e. longer than 5 jim) that are described In the ISO Method (Chatfield 1993).

1 1 .2 EVALUATING THE RATE OF RELEASE OF RESPIRABLE DUST

The rate of release of respirable dust from a sample prepared using the dust generator is
estimated from measurements of the mass of dust collected over time on the set of filters
mounted over the ME opening of the elutriator. The measurements used specifically are from
those filters that are collected while the tumbler is operating at the highest rotation rate
employed for the sample (see Section A.2.1 of Appendix A).

Begin by plotting the cumulative mass collected on the filters as a function of time. To derive
the cumulative mass for a particular time interval, add the mass of dust measured on the filter
collected from that time interval to the sum of the masses measured on the set of filters
collected earlier in the run. Typical curves are depicted in Figures 11-1 and 11-2. Next,
calculate the cumulative mass released from the sample over time from the cumulative mass
collected on filters over time using the relationship developed In Section A.2.1 of Appendix A:

(11.5)

where:
M, is the cumulative mass of dust released from a sample between the start of a

run and time t* (g); and

M, is the cumulative mass collected on filters34 between the start of a run and
time T (g).

Equation 11-5 is appropriate to use to relate the mass of dust collected on filters to the mass
released from the sample when air flow in the dust generator is setup as Indicated in Section
9.3.4. If different air flow conditions are established for a particular experiment, the
relationship between M, and M, will have to be derived using Equation A-4 from Appendix A.

Th«»« ut tht filt»r» th»t tr« mounted ov»t th» ME op«nm0 of th» •lutriator.
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FIGURE 11-1

TYPICAL CUMULATIVE MASS RELEASE
VERSUS TIME CURVE FOR 30 RPM RUN*
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FIGURE 11-2

TYPICAL CUMULATIVE MASS RELEASE
VERSUS TIME CURVE FOR 60 RPM RUN*
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The totaf mass o! dust in the sample at the beginning of the run must next be estimated using
the relationship developed in Appendix A. Based on the relationship (see Section A.2.1):

ln(M0 - M,) = ln(M0) - kt (11-6)

where:
M0 is the mass of dust in the sample at the start of the run (g);

k is the first-order rate constant for the release of dust from the sample (s'1);
and

t is the time since the start of the run (s):

a plot of ln(M0 • Mr) versus t should be a straight line with a slope equal to the rate constant
for the release of dust from the sample and an intercept equal to the natural logarithm of the
mass of dust in the sample at the start of the run. Derive estimates of "M0" and "k* by
programming Equation 11 -6 into a spreadsheet and running a regression .

Input a range of guesses for the value of M0 into the spreadsheet and run a regression to fit
a value for k and to calculate a value for the regression coefficient, T2" for each value of MQ.
Plot the regression coefficient, "r2* as a function of MQ. An example of such a plot is
presented in Rgure 11-3. The value of M0 that provides the fit with the largest regression
coefficient (i.e. with t2 closest to 1) shall be reported as the correct value for the mass of dust
in the sample at the start of the run and shall be reported with the corresponding k value as
the estimated rate constant for dust release from the sample during the run.

11.3 DETERMINING THE CONTENT OF RESPIRABLE DUST

To determine the mass percent of respirable dust in the original sample, first determine the
total mass of respirable dust in the sample at the start of a run for the last run completed on
the sample, which is derived as described in the last section.

Because the dust generator run analyzed as described In Section 11.2 will generally have
been preceded by a run with the tumbler speed set at 30 rpm (see Section 9.4.4). to estimate
the totaf mass of dust present in the sample, it is necessary to include' the mass released
during this first run.

Sum the masses of dust measured on each of the filters collected during the 30 rpm run and
designate this sum, 'M^', which Is the cumulative mass of dust collected during the 30 rpm
run. Using the foDowing equation, estimate the total mass of dust released from the sample
during the 30 rpm run, "M^," based on the mass of dust collected during that run (see
Section A.2.1 of Appendix,'

(11-7)

Any of »*v»ftl commercial tpraa<ith««< proprvnt (including, for axnmpla. LOTUS™) contain tha rwcaaaaiy eapahilltw
and may b« »mployad to d«nv« optimum valu*« lor 'M.' and f
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FIGURE 11-3

ILLUSTRATION OF THE OPTIMIZATION
OF THE ESTIMATE OF INITIAL MASS "Mo"
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Calculate the total mass of dust originally present in the sample, M,̂ , by summing the mass
released during the 30 rpm run with the mass of dust estimated to have resided in the sample
at the beginning of the higher rpm run, MQ (this is equal to the mass of dust remaining in the
sample at the end of the 30 rpm run). M0 will have been derived as described in Section
11.2:

Estimate the mass percent of respirable dust in a sample as follows:

%RD = 100'MM^ . (11-9)

where:
%RD is the mass percent of respirable dust in the sample (%}; and

Msampi0 is tne mass °* tne oriQfnal sample placed in the tumbler (g).

11.4 DETERMINING THE CONTENT OF ASBESTOS

The concentration of asbestos in a sample is determined differently depending on whether
asbestos is determined from sampling grids prepared from filters collected over the 1ST
opening of the elutriator or from scrubber suspension.

NOTE

For samples originally containing a significant fraction of coarse material (see Section
8.4), the concentration of asbestos reported as a function of the mass of the sample
(specified in this section) must be adjusted (or the quantity of coarse material originally
measured In the matrix sampled in the field before It can be considered representative
of that matrix. A procedure for adjusting asbestos concentrations to account for the
coarse fraction of an environmental matrix Is presented in Section 1 1 .4.3.

11.4.1 Based on Directly Prepared Filters Collected Over the 1ST Opening of the
Elutriator

Procedures for determining the concentrations of asbestos structures in a sample differ
slightly depending on whether the structures of interest are longer or shorter than 5 urn.

Structures that are shorter than 5 |im In length are derived only from the high magnification
scan of an analysis. Calculate and report the concentration of short asbestos in the original
sample based on the counts of asbestos structures that are derived as defined in Section
11.1.1 using the following relationship:
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= Sc**V%RD/(Nsoh*Afl0-100*AM,) (11-10)

where: •
's the concentration of asbestos structures (of a defined size range
or type) in the original sample (s/g);

$0, is the number of structures (of the defined size range or type of
interest) counted during the high magnification scan of the analysis;

Af is the total area of the fitter from which the specimen grids were
prepared (mm2);

%RD is the mass percent of respirable dust in the sample and is defined
using Equation 11-9 (%);

is the number of grid openings scanned during the high
magnification scan of the analysis;

Ago is the area of a single grid opening (mm2); and

AM, is the mass of respirable dust collected on the filter from which the
specimen grids were prepared. It is defined using Equation A-7 (see
Section A.2.2 of Appendix A) (g).

Structures that are longer than 5 pm in length are derived from combined counts collected
during both the high and low magnification scans of an analysis. Calculate and report the
concentration of long asbestos in the original sample based on the counts of asbestos
structures that are derived as defined in Section 11.1.1 using the following relationship:

where:
csmpi ls tne concentration of asbestos structures (of a defined size range

or type) In the original sample (s/g);

Sd is the number of structures (of the defined size range or type of
interest) counted during the low magnification scan of the analysis;
and

NgQ, Is the number of grid openings scanned during the low
magnification scan of the analysis.

Thus, for long structures, It Is the total counts of structures observed over both the high and
iow magnification scans and the total area scanned (over both the low and high magnification
scans) that are used to determine concentration.
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As an option, asbestos concentrations may also be reported as a function of the mass of
respirable dust in a sample using the following relationships. For short structures, use:

where:
k tne concentration of asbestos structures (of any defined size
range or type) in the respirable dust of the sample (s/g )̂; and all
other parameters are defined as described above.

Similarly, for long structures, use:

V* V *W ° 1 '1 3)

11.4.2 Based on Specimens Prepared from Scrubber Water

As described in Section 11.4.1, procedures for determining the concentrations of asbestos
structures in a sample differ slightly depending on whether the structures of interest are
Jonger or shorter than 5 jim.

Structures that are shorter than 5 pm in length are derived only from the high magnification
scan of an analysis. ' Calculate and report the concentration of short asbestos in the original
sample based on the counts of short asbestos structures that are derived from the scrubbei
suspension as defined in Section 1 1 .1 .2 using the following relationship:

Csmp. - Scn"V%RD*DF/(V*V1°°*Mscrbr) (11-14)

where:
Csmpl k tne concentration of asbestos structures (of a defined size range

or type) in the original sample (s/g);

S^ is the number of structures (of the defined size range or type of
interest) counted during the high magnification scan of the analysis;. -

A, is the total area of the filter from which the specimen grids were
prepared (mm2);

%RD is the mass percent of respirable dust in the sample and is defined
using Equation 1 1-9 (%);

Ngoh Es the number of grid openings scanned during the high
magnification scan of the analysis;

is the area of a single grid opening (mm2);
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DF is the dilution factor by which the scrubber suspension had to be
diluted to prepare specimen grids for analysis (derived as defined in
Equation 11-3); and

Mgcrbr & tne mass °* respirable dust collected in the scrubber suspension
during the run (derived as defined in Equation 11-4).

Structures that are longer than 5 pm In length are derived from combined counts collected
during both the high and low magnification scans of an analysis. Calculate and report the
concentration of long asbestos in the original sample based on the counts of long asbestos
structures that are derived from scrubber suspension as defined in Section 11. H. 2 using the
following relationship:

where:

(1M5)

is the concentration of asbestos structures (of a defined size range
or type) in the original sample (s/g);

is the number of structures (of the defined size range or type of
interest) counted during the low magnification scan of the analysis;
and

smp,

d

number of grid openings scanned during the low
magnification scan of the analysis.

As an option for analysis of the scrubber suspension, asbestos concentrations may also be
reported as a function of the mass of respirable dust in a sample using the following
relationships. For short structures, use:

where:
Cdust Is the concentration of asbestos structures (of any defined size

range or type) hi the respirable dust of the sample (s/gdust); and all
other parameters are defined as described above.

Similarly, for long structures, use:

(1M7)
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11.4.3 Procedure for Adjusting Asbestos Concentrations to Account for the
Presence of Coerse Material In the Sampled Matrix

As indicated in Section 8.4, due to the need to incorporate field data into this calculation, a
formal protocol designating who is to perform this calculation and how that individual is to
obtain the needed field information must be defined at the start of a study using this method.

To provide a representative measure of the concentration of asbestos in an environmental
matrix in which significant coarse material Is found (i.e. more than 10% by weight), first derive
an appropriate coarseness adjustment factor:

(11-18)

where:
CP is the coarseness adjustment factor for a particular sample

(dimensionless);

is the mass of fine material measured immediately after sieving the
sample in the field (g); and

te the mass of coarse material measured immediately after sieving
the sample in the field (g).

Then, to determine the concentration of asbestos in the environmental matrix that was
sampled, perform the following adjustment:

Cmtr* = CF'C^p, (11-19)

where:
CF is the coarseness adjustment factor for a particular sample (derived

as defined above);

cmtn fe the concentration of asbestos structures (of a defined size range
or type) in the field matrix sampled (s/g); and

C9mp( is the concentration of asbestos structures (of a defined size range
or type) in the sample sent to the laboratory (s/g). This is
determined as described in Sections 11.4.1 and 11. 4.2 above.
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12.0 PERFORMANCE CHARACTERISTICS AND QUALITY CONTROL/QUALITY
ASSURANCE REQUIREMENTS

12.1 METHOD PERFORMANCE

The method defined in this document achieves the target performance requirements defined
in Section 2.1 at a cost that should be competitive with other procedures that might be
designed to produce comparable information (Section 2.4).

12.1.1 Analytical SerwKMty

As indicated In Section 11.1, depending on sample characteristics, between 1 and 6 grid
openings will likely have to be scanned at high magnification (ZO.OOOx) to achieve the target
analytical sensitivity for total asbestos structures of 5x107 s/g..̂ . Similarly, between 15 and
133 grid openings will likely have to be scanned at low magnification (10,000x) to achieve the
target analytical sensitivity for long asbestos structures (longer than 5 vim) of 3x106

The defined sensitivities for total and long structures were.easily aw>wo£cfuring the pilot
study for the method (Berman et at 1994a). • "'":*'

12.1.2 .Precision

Results of the pilot study for this method (Berman et ai 1994a) indicate that, when 50
structures are counted, the average relative percent difference observed among eight sets of
duplicate samples (four sets of duplicate samples analyzed by each of two laboratories) is
20%.

The precision of an asbestos measurement (in this case, expressed as the relative percent
difference) should be inversely proportional to the square root of the number of structures
counted. Given that 10 structures are likely to be counted at the target concentrations for this
method (see Section 2.1.1) and, based on the precision observed In the pilot study when 50
structures are counted, it is expected that the average relative percent difference achievable
for this method should be 43% at the target concentrations listed In Section 2.1.1. Thus,
given the analytical sensitivities defined in Section 2.1.1 and the stopping rules defined in
Section 11.1. this method is capable of achieving a level of precision that is comparable with
the guidelines recommended in the CLP for the analysis of other analytes In soils and defined
for this method in Section 2.1.2.

The precision observed during the pilot study for this method Is based on specimen grids
prepared from the suspension collected In the scrubber of the elutriator (Appendix A). It Is
expected that the precision achieved for analyses derived from scans of specimen grids
derived by direct preparation of filters collected over the isokinetic sampling tube of the dust
generator (see Appendix A) will be significantly worse. Procedures are therefore incorporated
Into this method in which the majority of samples will be analyzed based on preparation of
specimen grids from filtered scrubber suspension wfth a subset of 5 to 10% simultaneously
analyzed using specimen grids prepared by a direct transfer technique from fitters collected
over the isokinetic sampling tube of the elutriator (see Chapter 10). The latter is required to
develop a regression relating these two types of preparations so that measurements can be
evaluated using existing dose-response factors for asbestos (see Section 2.1.3); existing
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dose-response factors tend to be based on the analysis of samples whose preparation
corresponds most closety to a direct preparation.

NOTE

It is anticipated that a direct, linear relationship will be observed between asbestos
concentrations derived, respectively, from scrubber suspension and from filters
collected over the 1ST opening of the elutriator for samples collected from the same
environmental matrix However, there is little reason to expect that such a relationship
wiH hold across samples collected from different environmental matrices. Therefore,
samples to be employed to determine the relationship between asbestos measured
from scrubber suspension and from filters mounted over the 1ST opening of the
elutrlator should be selected and evaluated separately for each environmental matrix
sampled during a study for analysis using this method.

It must be recognized that compromises are required when developing a method of this type.
The proposed reporting of samples prepared primarily by an indirect technique with a small -
subset of directly prepared samples (the latter used primarily to provide a link between the
reported measurements and existing dose-response factors) represents such a compromise.

The proposed procedure allows for the determination of relative concentrations with maximum
precision so that arbitrarily smalt differences in concentrations can be easily distinguished.
Among other things, this will facilitate distinguishing upwind and downwind concentrations by
a source. At the same time, somewhat lower precision is considered acceptable for
estimating the absolute risk associated with any particular measurement

NOTE

The uncertainty of the proposed regression to link results from directly and indirectly
prepared samples Is expected to be attributable almost exclusively to the limited
precision of the directly prepared samples. Therefore, use of the proposed regression
for estimating risks may not significantly increase the uncertainty of such a risk
analysis beyond what would be associated with assigning an estimated risk to an
asbestos concentration derived from a directly prepared sample in any case.

It is also assumed that a sufficient number of samples (i.e. a minimum of approximately
10) will be co-prepared and analyzed to allow reasonable confidence in the results of
the regression.

•

12.1.3 Accuracy

Based on the results of the pilot study (Berman et at. 1994a), there appears to be a problem
with laboratory bias during the counting of asbestos structures in support of this method.
The bias is introduced specifically during the analysis of specimen grids because duplicate
samples prepared by the same laboratory using identical procedures nonetheless yield
significantly different counts by analysts from each of two laboratories. -\
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Given that analysts within a single laboratory appear to be capable of achieving good
agreement on counting (also demonstrated in the pilot study), the problem of between-
laboratory bias w[ll need to be addressed by the Implementation of an aggressive inter-
laboratory quality control (OC) program in which samples are regularly shared among
laboratories and a procedure for verified counting is instituted. H may also be useful to
promote meetings with discussion sessions in which analysts from different laboratories
discuss the interpretation of structures viewed simultaneously (either directly from a
microscope or from a video).

12.1.4 Asbestos Characteristic*

As was observed during the pilot study (Berman et a!. 1994a), this method is easily capable
of preserving information concerning the distribution of the sizes and shapes of asbestos
structures that are likeJy to be released from environmental matrices that are disturbed by
natural or anthropogenic forces. As indicated in Section 2.1.3, such information is critical to
evaluating the potential health effects of the asbestos dusts generated by releases from
asbestos-containing matrices (see, for example, Berman and Crump 1989).

Interferences and limitations concerning the ability to identify and characterize asbestos
structures using the counting and identification rules of the ISO Method, as adopted for this
method (Section 11.1), are described in the ISO Method (Chatfield 1993).

12.1.5 Reporting Requirements

As indicated in Section 11.4, the concentrations of asbestos structures (of any defined size or
type) that are measured using this method can be easily reported either as a function of the
mass of the sampled material or as a function of the mass of respirable dust in the sampled
material. This should allow sufficient flexibility to facilitate use .of results from this method in
concert with any of the fate and transport models that may be employed to predict exposure
(Section 2.1.4).

12.2 QUALITY CONTROL REQUIREMENTS

The quality assurance/quality control (QA/QC) requirements indicated in the ISO Method
(Chatfield 1993) shall be considered relevant and appropriate when using this method. In
addition, the following blank and duplicate/replicate schedule shall be employed when
running samples using this method.

Blanks

The following blanks shall be collected routinely In concert with use of this method:

tot blanks or filter blanks. Two filters from each lot of 50 filters obtained from the
manufacturer snail be prepared using a direct transfer procedure and analyzed to
assure that background contamination on the niters does not exceed 10s/mm2

(Section 6.6). Only filters from lots whose blanks pass the defined criterion shall
be used in support of this method;

laboratory blanks. A sufficient number of laboratory blanks shall be collected,
prepared using a direct transfer technique and analyzed to show that the room in
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which bulk samples are handled and prepared satisfy the requirements defined in
Section 10.6 of Chatfield and Berman (1990). When laboratory blanks indicate
that room air is out of compliance with the stated criterion, use of this method is
to cease until appropriate corrective actions are completed;

field blanks. Field blanks shall be collected during any sample collection
activities performed in association with use of this method. The number of such
blanks to be collected and the schedule for their analysis shall be determined
based on the complexity of the anticipated sampling scheme and shaB be
defined as part of the sampling plan for the site. QC criteria for field blanks will
also be set as part of the planning for the study;

equipment blanks. Equipment blanks are collected at the beginning of each run
of the dust generator, as described in Section 9.4.3. Equipment blanks do not
generally need to be analyzed on a regular basis but shall be stored in case their
use is required to help determine the source of contamination that may be
discovered by some other means;

run blanks. Run blanks are also collected at the beginning of each run of the
dust generator, as described in Section 9.4.3. One run blank shall be analyzed
routinely for the first run completed on any particular sample. The remaining run
blanks generated in association with a particular sample shall be stored in case
their use is required to help determine the source of contamination that may be
discovered by some other means.

Should asbestos structure counts on run blanks exceed the target criterion of
10s/mm2. use of this method shall cease until appropriate corrective actions
have been completed and new run blanks are shown to achieve the stated
criterion; and

scrubber blanks. Scrubber blanks shall be derived by collecting a 1 ml aliquot of
scrubber liquid (after the scrubber is loaded and assembled for a run but before
heating of the scrubber is initiated), diluting the aliquot to 10 ml, and completing
the preparation of the diluted aliquot as described in Section 9.4.6. Scrubber
blanks do not need to be analyzed routinely but shall be stored In

case their use is required to help determine the source of contamination that may
be discovered by some other means.

in addition to the above listed blanks that must be collected routinely In association with use
of this method, the following may prove helpful for identifying the source of any contamination
that might be detected in association with use of the dust generator

modified run and scrubber blanks. Modified run and scrubber blanks may be
generated by setting up and operating a clean dust generator without sample.
Fitters may be collected from either the ME or the 1ST opening of the dust
generator at any point of such a run. Similarly, afiquots of scrubber liquid may
be withdrawn from the scrubber at any point Such blanks may prove useful for
determining whether contamination is being introduced by any of the
components of an operating dust generator (including, for example, the constant
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humidity solution, the rotating tumbler, the elutriator tube, the air transfer Fines,
and/or the glassware or liquid of the boiling scrubber); and

post-run scrubber blanks. A post-run scrubber blank may be generated by
repeating the rinse of the transfer lines, condensers, and scrubber flask
immediately after the quantitative rinse conducted for a particular sample (see
Section 9.4.6). The resulting liquid must then be weighed, diluted quantitatively,
and prepared In the same manner as described for the scrubber suspension of a
sample (Section 9.4.6). The normalized concentration of asbestos structures
found in such a blank shall represent no more than 10% of the concentration of
asbestos structures observed in the sample prepared immediately prior to
collecting the post-run blank. Higher blank concentrations shall be considered
unacceptable, If blank concentrations are observed, procedures for quantitative
rinsing shall be reviewed, modified, and tested until losses can be shown to be
acceptable.

NOTE

Asbestos observed in post-run blanks constitute asbestos that is lost from a
sample during preparation.

12.2.2 Duplicates/Replicates

A fixed fraction (5 to 20%) of the samples collected in the field in support of this method shall
. be collected as spatial duplicates (two samples collected at immediately adjacent locations).
These shall be labeled and sent to the laboratory in such a manner so as to assure that
laboratory personnel cannot identify them as duplicates. The frequency of collection of
spatial duplicates shall be defined as part of the sampling plan for the site. Comparison of
the results of the analysis of such samples provides a measure of all of the components of
total precision except population variability.

As indicated previously (Section 6.2.1), 100% of the samples shipped'from the field are to be
shipped as duplicate pairs. The laboratory shall randomly select 10% of the duplicate
samples shipped from the field and shall analyze both samples of the pairs so selected.-
Comparison of the results of the analysis of such samples, which are homogenized splits of
the same sample, provides an indication of the precision achieved by sample preparation and
analysis.

Should analysis of duplicate pairs indicate an unacceptable degree of variability (i.e. a relative
percent difference greater than 50%), replicate counts shall be performed on designated
samples by multiple analysts in the laboratory (or by the same analyst on different days).
Laboratory management shall assign such counts so as to assure that analysts cannot
determine which counts are replicates. Results of such replicate counts shall serve to
distinguish whether the major source of variability observed among duplicate pairs is due to
analysis or to sample preparation. Appropriate corrective actions may then be devised.

12-5



13.0 REPORTING REQUIREMENTS

13.1 FIELD AND LABORATORY NOTEBOOKS

Over the course ol the project, information critical to the proper reporting 'and interpretation of
each sample analysis will be developed both in the field and in the laboratory. Forma)
procedures are required to preserve such information and to allow for the documentation of
attendant information that, while not employed directly in the calculation of results, may
provide insight into the interpretation of such results.

13.1.1 Field Notebooks

During sample collection, detailed notes will be kept in a standard field or laboratory
notebook that is bound and pre-paginated. All entries to the notebook are to be dated and
initialed. Information to be recorded during sample collection should include (but is not
limited to):

(a) reference to this method;

(b) the project trt/e. identification of the site, and the names and titles of field
personnel participating in the sampling effort;

(c) Identification of each sample or fraction of each sample handled in the field;

(d) the date and time that each sample was collected and the time interval during
which each sample was prepared in the field;

(e) the location from which each sample was collected and the manner in which
sample locations were selected (including reference to the sampling plan under
which sampling was conducted);

(0 a general description of the physical appearance of the materials sampled;

(g) the types of equipment and the procedures employed to collect each sample;

(h) a summary of the procedure employed for field preparation of each sample
(JncktfHng. for example, the number of passes through a riffle splitter employed
for homogerOzation, and the number of splits required to reduce the sample to
the size required);

(i) the relevant identities and weights of each fraction of sample handled during field
preparation (including specifically the weights of the coarse and fine fractions
separated from each sample during sieving);

Q) other relevant field observations (including, for example, the meteorological
conditions under which sampling was conducted); and

(k) the Identification, weight, and intended destination of each sample shipped from
the field.
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13.1.2 Laboratory Notebooks

During sample handling, preparation, and analysis, detailed notes will be kept in a laboratory
notebook that is bound and pre-paginated. All entries to the notebook are to be dated and
initialed. Information to be recorded during sample preparation and analysis should include
(but is not limited to):

(a) reference to this method;

(b) identification of each sample or fraction of each sample received from the field
and the date and time that each sample was received;

(c) Identification of all laboratory personnel who participate In the preparation and
analysis of samples and the specific operations performed by each;

(d) identification of reagents, equipment, and supplies employed during sample
. handling, preparation, and analysis;

(e) relevant material weights and/or volumes;

(f) the lot number and manufacturer of the filters employed during sample
preparation;

(g) a summary of the procedure employed for laboratory preparation of each sample
(including, for example, the number of passes through a riffle splitter employed
for homogenfcation and the number of splits required to reduce the sample to the
size required);

(h) the relevant identities and weights of each fraction of sample handled during
laboratory preparation;

(i) the setup conditions employed for the dust generator (including, for example, the
identity of (he salt employed for humidity control, air flow conditions, and the
setting on the variable voltage transformer employed for the scrubber);

Q) the date and starting time, description (including, primarily, the tumbler rotational
speed), and sample identification for any run conducted on the dust generator:

(k) the weight and identity of the sub-sample placed in the dust generator;

(I) the identities, time Intervals of collection, the starting and ending weights, and the
net weights of filters collected during a run on the dust generator that are to be
used to determine the rate of dust generation;

. (m) the figures and calculations employed to determine the rate of dust generation
and the quantity of dust in the sample;

. (n) the Identity, time interval of collection, starting and ending weights, and the net
weights of filters collected during a run on the dust generator that are to be used
to generate specimen grids for asbestos analysis;
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(o) the identity, time Interval of collection, the weight/volume, dilution factor, aliquot
identification, and filler identification for the collection, handling, and filtering of
scrubber suspension;

(p) the identity of all filter sections used for preparation of specimen grids and the
identity of the specimen grids (include a description of the sector and radial
distance from the center of the filter represented by each section);

(q) energy levels and settings for instruments employed for analysis;

(r) flow rates, pressures, temperatures, and other relevant physical parameters that
potentially impact procedures;

(s) room conditions (i.e. temperature, relative humidity, and ventilation rates)
prevailing during sample preparation;

(t) other relevant observations (including, for example, any difficulties encountered
during preparation and analysis and any procedural changes incorporated into"
the method that are necessitated by such difficulties);

(u) documentation of all calculations performed in support of preparation and
analysis;

(v) all relevant QA/QC measurements (including the results of the analysis.of all
blanks, duplicates, and replicates-see Chapter 12); and

(w) a detailed time log of events Including the time that particular procedures are
initiated and completed for each sample.

13.2 FIELD ACTIVITIES REPORT

To assure that the field information required to complete estimation of dust and asbestos
concentrations and release rates are provided to the data users, a field activities report must
be completed and must be submitted to the laboratory along with the corresponding
samples. Laboratory personnel are then to attach this report directly to their batch report,
which shall cover the corresponding batch of samples.

The field activities report shall include the following for each sample batch, at a minimum:

(a) the project title and the identification of the site;

(b) reference to this method;

(c) reference to the sampHng and analysis plan under which samples were- collected;

(d) a brief description of the objectives for sampling;

(e) a brief description of the procedures employed for selecting sampling locations
and the motivation for employing such procedures;
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(fj for each sample in the batch accompanying the report

the Jdentifier for each sample fraction submitted to the laboratory;

the. identifier for the original sample from which each submitted sample
fraction was derived;

the type of equipment and reference to (or a brief description of) the
procedures employed for collection of the original sample;

the coordinates at which each original sample was collected36;

the total mass of the original sample from which each sample fraction
originated and the masses of the coarse and fine fractions separated during
sieving of the sample in the field;

- a brief description of the procedures employed for sample homogenization
and for sample splitting;

the date and time that each sample was collected and the date and time that
each sample fraction was prepared in the field; and

a brief discussion of any deviation from the sampling and analysis plan not
covered in e.

An example of the format to be employed for a field activities report is provided in Figure
13-1.

13.3 SAMPLE ANALYSIS REPORT

The sample analysis report for each sample shall include the following at a minimum:

(a) reference to this method;

(b) reference to the sample identification and batch number for the sample;

(c) the date and site from which the sample was coDected;

(d) the weights and Identities of the coarse and fine fractions of the sample and the
sub-sample of the fine fraction sent for analysis;

(e) the weights and Identities of any splits or other fractions of the sample generated
during laboratory preparation;

(f) the weight and Identity of the sub-sample placed in the dust generator;

Kttw Mjbmtatd Mimpto friction to « •ub-umpl* of • compo«K«. whtl (Mould b» d«*cribtd tan It th» •p*e*e
conc«m (or portion !h«r*of) that I* lnt*nd»d to b* t»pt»»«nt»d by th» comport*).
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FIGURE 13-1
FORMAT FOR THE FIELD ACTIVITIES REPORT

Nam* of flrid •ctMtie* contractor
Adtfrese of contractor

Contact Neme
Telephone Number

PROJECT/SITE:
Nam*
Addrese

METHODS AND PROCEDURES:
Field Investigation Deefgn: (Rtfenncu ttt* itmpting plan)
Sample Collection and Handing: (Rttwrmncm tHi mrthod)

SAMPUNQ OBJECTIVES:
(Compfitf a Mefdffcrtption Inn)

SAMPUNO LOCATION SELECTION PROCEDURE:
(Compt»H • Mtt ttftcriptlon h«r»)

Heport Title:
. Report Number:

SAMPLE DATA

Reid
Sample
Number

Location
Identffiere

Meee of
Sample

Ma*«
Fln«

Fraction

Mn*
Coaree

Fraction

Mais
Sample

Split

Mat*
Duplicate

Split

Sample
Split

ID

Du l̂cal*
. Split

ID

Date
Sampled

time (Commend:
Sampled j

j (Include Identification
\ofmff hid tempting

I procexftwv*

i l i l i I I'



An example of the format to be employed for a sample analysis report is presented in Figure
13-2.

13.4 SAMPLE BATCH REPORTS

In addition to the sample analysis report for each sample, provide a summary page for each
batch of samples representing an entire project. The summary sheet shall include:

(a) the project title;

(b) reference to this method;

(c) the date that samples were collected, the date they were received by the
laboratory, and the date they were analyzed;

(d) a summary listing of sample results including:

the sample number;

the estimated concentration of respirable dust in the sample;

the analytical sensitivity achieved for each size/type category of interest;

the total number of structures of each size/type category of interest counted;

the concentration of asbestos structures of each size/type category of
interest in the sample and in the respirable dust of the sample (both reported
along with corresponding 95% confidence limits); and

the concentration of asbestos structures of each size/type category of
interest estimated for the environmental matrix that was sampled in the field
(reported along with corresponding 95% confidence limits).

An example of the format to be employed for sample batch reports is presented In Rgure
13-3.
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FIGURE 13-2
SAMPLE ANALYSIS REPORT FORMAT

Laboratory Nam*
Laboratory Address

Laboratory Contact
Telephone Number

DiM Analysis Slated (M/O/Yr)
Date Analysis Completed (M/D/Yr)
Anah/st(e) Initials

Laboratory Sample No.
Field Sub-Sample Identification No.
Field Preparation Technique (Attach a Copy of the Relevant Field Activities Report)
Additional Laboratory Preparation Procedures (describe tny employed)

Sample Drying
Sample Splitting
Other

7 EM Analysis:
Effective Area of Analytical Filter ($q mm)
(Indicate whether from Scrubber or from 1ST Opening)
Magnification
Grid Opening Area (iq mm)
Number of G.O. Scanned
Asbestos Structure Size and Type Categories of Interest (see Chattield 1933)
Minimum Acceptable Structure Identification Category (see Chattleld 1993)

Dust Generator
Mass o! Sample Tumbled (g)
Air Flow Rate Through ME Opening of Dust Generator (ml/min)
Air Row Rate Through 1ST Opening of Dust Generator (rol/min)
Air Row Rate Through Scrubber (mtfmin)
Estimated Total Air Flow Rate Through Elutriator (ml/min)

Total Mass of Dust Collected on Dust Filters (g)
Time ot Dust Collection (24 hour clock) at 30 rpm

Start
Stop:

Time of Duct Collection (24 hour clock) at 60 rpm
Start
Stop:

Estimated first-order rat* constants for dust generation (mm"1)
At 30 rpm:
At 60 rpm:

Estimated Starting Mass of Respirable Dust in Sample (g)
(Attach time plote and calculations).

Samples from the Scrubber Suspension
Total Volume of Scrubber Suspension (ml)
Estimated Mass of Dust Collected In Scrubber Suspension (g)
Volume of Aliquot Withdrawn from Scrubber Suspension (ml)
Volume into which Scrubber Aliquot Diluted (ml)
Dilution Factor (dimenslonless)
Volume of Aliquot Filtered prom Diluted Suspension) (ml)

Samples from the lioklnetie Sampling Tube (1ST) Opening ol the Dust Generator
(indie* le whether 3D or BO rpm run)
Time of Collection (24 hour clock)

Start
Stop:

Estimated M»ss of Dust Collected on Fitter

Report Date
Project Name (Optional)

METHODS:
(reference this method)
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FIGURE 13-2
SAMPLE ANALYSIS REPORT FORMAT (Cont.)

Laboratory Name . Report Date

Laboratory Sample No.

Low High
Magnification Magnification

Chrysotile Asbestos Analysis Results:
No. of Total Chrysotila Asbestos Structures XXX
No. of Long (> 5 urn) Chysottte Asbestos Structures
No. of Total Chrysotik Asbestos Fibers/Bundles XXX
No. of Long (> 5 urn) Chysotite Asbestos Fibers/Bundles

Lew High
Magnification Magnification

Amphibole Asbestos Analysis Results:
No. of Total Amphibole Asbestos Structures XXX
No. of Long (> 5 urn) Amphibole Asbestos Structures
No. ol Total Amphibole Asbestos Fibers/Bundles XXX
No. of Long (> 5 um) Amphibote Asbestos Fibers/Bundles

(Indicate Amptiibole Minertl Typt)

ESTIMATED CONCENTRATIONS OF RELEASA8LE ASBESTOS IN SAMPLE
Cone, 95%UCL

Total Chrysotile Structures per g Sample:
Total Amphibole Structures par g Sample:
Total Asbestos Structures per g Sample:
Long Chrysotile Structures per g Sample:
Long Amphibole Structures par g Simple:
Long Asbestos Structures per g Sample:

Estimated Analytical Sensitivity: (structures/g sample)

ESTIMATED CONCENTRATIONS OF RELEASABLE ASBESTOS IN RESPlflABLE DUST OF SAMPLE
Cone. 9S%UCL

Total Chrysotile Structures per g Dust
Total Amphibole Structures per g Dust
Total Asbestos Structures per g Dust
Long Chrysotile Structures per g Dust
Long Amphibole Structures per g Dust
Long Asbestos Structures per g Dust

Estimated Analytical Sensitivity: (stntctunt/g dust)

(Attach « Copy of the TEM Raw DaU Shoots)
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FIGURE 13-3
SAMPLE BATCH REPORT FORMAT

Laboratory Name
Laboratory Address

Laboratory Contact
Telephone Number

RELEASABLE ASBESTOS IN RESPIRABLE DUST

Laboratory
Sample l.D. RespiraWe

Dust
Cone

(g/g smpl)

Total |
Asbestos j Total
Analytical | Asbestos
Sensitivity | Cone
(s/g dust) | (s/g dust)

I
11

1

1

Total
Asbestos
95% UCL
(s/g dust)

Long |
Asbestos
Analytical
SensftMty
(s/g dust)

Long
Asbestos

Cone
(s/g dust)

Long
Asbestos
95% UCL
(s/g dust)

Dust
Generation

Rate
(at 30 rpm)

(mln-1)

Report Date
Project Name (Optional)

METHODS:
(reference ihfs method)

Dust | Comment?:
Generation I

Rate
(at 60 rpm)

(min-')

RELEASABLE ASBESTOS IN LABORATORY SAMPLES

Laboratory
Sample l.D.

.
Respiratrfe

Oust
Cone

(g/g smpl)

Total)
Asbestos j Total
Analytical j Asbestos
SensitMty | . Cone
(s/g smpl) | (s/g smpl)

I

f
I

Total
Asbestos
95% UCL
(s/g smpl)

Long)
Asbestos | Long
Analytical j Asbestos
Sensitivity | Cone
(s/g smpt) j {s/g smpl)

I
I
I
I
I

Long
Asbestos
95% UCL
(s/g smpl)

| Comments:

RELEASABLE ASBESTOS IN FIELD SAMPLE MATRICES

Laboratory Field
Sample l.p. Sample f.D. Mass

Fine
Fraction

(g)

Mass
Coarse

Fraction
(9)

Adjusted
Resplrable

Dust
Cone

(g/g mtrx)

Adjusted
Total

Asbestos
Cone

(s/g mlrx)

Adjusted
Total

Asbestos
95% UCL
(s/g mtrx)

Adjusted
Long

Asbestos
Cone

(s/g mtrx)

Adjusted | Comments:
Long

Asbssios
95% UCL
(s/g mtrx)
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APPENDIX A:
CONSTRUCTION AND OPERATION OF A DUST GENERATOR
FOR ISOLATING THE RESPIRABLE FRACTION OF MATERIAL

FROM SOILS OR OTHER BULK SAMPLES

The dust generator incorporated into this method for the determination of asbestos in soils
and bulk materials is designed to isolate the respirable fraction of material (including the
releasable fraction of respirable asbestos) that is present within the matrix of the parent
sample. A description of the apparatus is provided below along with a brief discussion of the
theory of its operation. Figures depicting design of the prototype are also provided in the last
section of this appendix to facilitate design and construction of similar equipment.

A.1 DUST GENERATOR DESCRIPTION

The dust generator is composed of a tumbler, a vertical elutriator, a dust collection system,
and a scrubber. A schematic diagram of the apparatus Is presented in Figure A-1 and a
photograph of the apparatus is shown in Figure A-2. The appurtenant equipment required to
operate the dust generator is also shown in Figure A-2. This includes:

• a DC motor to drive the tumbler;

• a constant humidity chamber to control the humidity of the air that flows into
the dust generator. This is the dear plastic box enclosing the tumbler in the
photograph;

• the pumps required to create an air flow through the dust generator and the
flow controllers required to monitor and apportion air flow through the various
filters and the scrubber; and

• the heating mantle, variable voltage transformer, and cooling towers required
lor the scrubber.

A.1.1 The Tumbler

The tumbler is located in the clear plastic enclosure at the bottom of the dust generator
(Figures A-2 and A-3). It is a long shallow tube of square cross section that is approximately
1 and 1/8 inches in height and width and has an overall length of 10 inches (Figure A-4).

The tumbler is driven by a variable speed DC motor, which rotates the tumbler around its
long axis. The tumbler's rotation rate can be varied over the range of 10 to 150 revolutions
per minute (rpm). The DC motor Is attached to the tumbler using a slip-on type flexible
coupling so that they can be readily detached simply by pulling the motor away from the
tumbler. The tumbler can also be readily detached from the connection tube to the elutriator;
they are connected with a slip fit over the outer race of the ball bearing assembly that is
welded to the end of the tumbler (Figure A-4).

A-i



FIGURE A-1

SCHEMATIC OF OUST GENERATOR

Slide Mechanisms

ME Opening From Elutriator 7~
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Motor
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Auxiliary Air Inlet
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NOTE

The seal between the tumbler and elutriator need not be air tight. In fact, a small leak
at this fitting will reduce the chance that particles discharged from the tumbler will
settle in the entrance tube to the elutriator. However, such a leak must not be more
than 10% of the total airflow through the tumbler.

Once the tumbler has been detached from the motor and elutriator, it can simply be lifted out
of the constant humidity chamber.

The top cover of the tumbler is secured with 10 screws and can be removed so that the
tumbler can be loaded or cleaned (Figure A-4). A rubber gasket is employed to assure an
airtight seal between the tumbler cover and body.

A.1.2 The Constant Humidity Chamber

The plastic enclosure that houses the tumbler and isolates it from outside air, except for an
opening at the top front of the enclosure, is designed as a constant humidity chamber
(Figures A-2 and A-3). Air drawn into the front of the enclosure flows successively over two
trays (located on shelves at the top of the enclosure) before being drawn into the tumbler.
The trays are designed to hold a saturated salt solution that is selected to exhibit a vapor
pressure equal to the relative humidity desired for running the dust generator. The path
length over the two trays Is designed to assure that air drawn through the device will come to
equilibrium at a relative humidity within a few percent of the desired value (assuming that the
outside air exhibits a starting humidity within the range common to Pasadena, California1);
the path length must be sufficient to allow adequate exchange of vapor between the salt
solution and the moving air.

For most studies, a relative humidity of approximately 50% should be employed because this
is the humidity at which emission of asbestos is expected to be maximum (Zimon, A.D. 1982).
At higher humidities, air moisture tends to wet surfaces so that aggregation decreases particle
release. At lower humidities, electrostatic effects tend also to cause aggregation and,
therefore, also to decrease emissions. A saturated solution of potassium carbonate dihydrate
is recommended for most applications because such a solution maintains equilibrium with air
at 43% relative humidity at room temperature (20° C) with less than 1 % change in humidity
over a range of temperatures varying by several degrees on either side of room temperature.

For special applications of this method, where dust generation is to be run at a different
relative humidity than that produced over a saturated solution of potassium carbonate
dihydrate, the conditioning pans in the dust generator may be filled with a saturated solution
of another salt Such salts may be selected to yield any of a broad range of conditions. For
example, the International Critical Tables provides a list of saturated salt solutions that
maintain equilibrium with a broad range of relative humidities in air.

1 Tht prototype ctovkw «•* con*tniet«d tnd tested in Pisad«rui. Th» design of th« constant humidify ch«mb«r m«y
h«w» to t* modified tlightty («.g. by Incrassino *• numb«» d tr*yt) lor operation In oth«r locates.
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c A.1.3 The Vertical Elutriator

The vertical elutriator is the tall metal cylinder visible in Rgure A-2. Its dimensions were
selected to assure that the path length traversed by particles in the elutriator is at least 10
times the diameter of the elutriator (in the direction perpendicular to the air flow). Thus,
channeling is expected to be minimized (Dennis. R 1976).

The elutriator separates respirable from non-respirabte particles and respirable particles are
passed on to dust collection filters and the scrubber. Air flow within the elutriator is adjusted
to a velocity such that onry those particles in the respirable size range will be lifted to the top.
The velocity of air selected for the elutriator determines the rate of air flow through all of the
other parts of the dust generator.

The main body of the elutriator is composed of two, 20 in. sections of 4-in. i.d. stainless steel
tubing with a tapered, c-ring flange welded to each end of each tube (Rgure A-5a and b).

•These flanges allow the two halves of the main body to be connected to each other and to
the top and bottom assemblies of the elutriator using quick-release, pressure clamps (Figure
A-5a).

The entrance tube to the elutriator (from the tumbter) is pointed.downward at its exit point in
the bottom of the elutriator (Figures A-1 and A-5b). This geometry was selected to prevent
introduction of a large concentration of particles into the bottom center of the elutriator. This
geometry should also promote a flatter velocity profile in the air traveling up the elutriator. It
is expected that respirable particles will make the upward turn because the taper at the
bottom of the elutriator promotes a higher velocity profile at this location than in the main
body of the elutriator (where the air velocity is just sufficient to lift particles in the respirable
size range but no larger).

The bottom assembly of the elutriator has also been designed to allow the removal of coarse
particles while assuring that respirable particles remain in the elutriator air stream (Rgure A-6a
and b). This is to minimize buildup of a zone at the bottom of the elutriator of a high
concentration of coarse particles through which respirable particles would have to pass
before moving up the elutriator to the dust collection system. Thus, it is expected that
collisions between respirable particles and coarse particles (with subsequent loss of
respirable particles due to aggregation) are minimized.

An opening at the bottom of the elutriator allows coarse particles to pass into a removable,
glass cup (Figures A-1 and A-6a and b). The glass cup has a small side arm that is
connected to a two ft. piece of one quarter in. i.d. Tygon tubing. The far end of the Tygon
tube is open to the air. It has been found that, as long the Tygon tube is not crimped or
otherwise blocked, air drawn through this tube is just sufficient to prevent respirable particles
from passing through the bottom opening of the dust generator into the glass cup while
allowing larger particles to do so.

There are four openings where air may exit from the top assembfy of the eiutriator {Figures
A-1 and A-7a and b). The two side openings lead into the scrubber (described below). The
two top openings lead into the air filter cassettes of the dust collection system through two
different paths; one draws air teokinetically from the uniform portion of the elutriator through a
long, thin-walled tube and the other draws air from the top, tapered part of the e/utriator
(Figures A-1 and A-7a and b). For ease of reference, the opening in the elutriator that draws
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c air through the isokinetic sampling tube is labeled the "1ST* opening in this document The
opening that draws air from the top of the main body of the elutriator is labeled the "ME"
opening. The dust collection system mounted over both of the top openings of the elutriator
is described below.

A.1.4 The Dust Collection System

The dust collection system consists of two mounts for filter cassettes welded to each of two
sliding mechanisms, which in turn are mounted directly over the exit openings of the top
assembly of the vertical elutriator (Figure A-8a and b). An underside view of the tapered top
piece of the elutriator was also shown in Figure A-7a in which the isokinetic sampling tube is
visible.

The sliding mechanisms permit the filter cassettes aligned over the ME and the 1ST openings
of the elutriator, respectively, to be changed with minimal disturbance of the air flow; at either
of the two extreme positions in the travel of each slide mechanism, one of the two cassette
mounts are aligned over the corresponding exit opening of the elutriator and the other is
effectively Isolated from the air flow. Details of the sliding mechanisms and filter mounts are
shown in Rgures A-7b and A-8a and b.

NOTE

The slides are sealed against the elutriator with o-rings. These must be inspected
periodically for wear and replaced if worn.

The design of the filter mounts in the dust collection system proved to be important to the
performance of the dust generator; it is critical that these mounts be leak tight. The design
that was ultimately adopted is depicted in Figure A-9a and b. The filter mounts each consist
of a tapered aluminum base that is glued to the bottom half of a commercially available filter
cassette.

The aluminum base of a filter mount is sealed in each of the openings of the slide
mechanisms with the o-rings that are visible in Figure A-7b. The bottom half of the plastic,
25 mm filter cassette is glued Into the inside taper of the aluminum base. Filters are mounted
in the traditional manner between the top and bottom halves of the plastic liter cassette,
which are then pressure sealed. To further assure a good seal, pressure tape is also applied

. to the outside of each filter cassette at the seam where the filters are mounted.

A.1.5 The Scrubber

The scrubber, which can be seen sitting on the table to the right of the main body of the dust
generator in Figure A-2, Is constructed from ordinary laboratory glassware. In the scrubber,
water is boiled In the bottom of a 1 liter, round bottom flask (shown seated within a heating
mantle). A straight-jacketed, cold-water condenser is incorporated along the entrance line to
the scrubber and a spiral condenser is incorporated along the exit line from the scrubber. An
immersion pump circulates water between a cooler containing a water-ice mix and the
condensers. Water flowing into the condensers is maintained at approximately 0° C to
prevent moisture from leaving the scrubber.
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Particles in the air stream entering the scrubber serve as nucleation centers around whfcn the
steam in the scrubber condenses. The resulting water droplets eventually fall back into the
water reservoir at the bottom of the scrubber so that the trapped particles are collected in this
reservoir.

A flowmeter and a filter cassette are also placed In the air flow line that exits the scrubber
(between the scrubber and the vacuum pump). The primary reason for including the filter
cassette is to make the pressure drop through this path approximately equal to the press jre
drop through the other filter cassettes mounted on top of the elutriator (the dust collection
system). The pressure drop through the etutriator and scrubber is small enough not to affect
the flowmeter operation.

A.1.6 The Configuration of Air Transfer Ones

A schematic indicating the configuration of air transfer tines leading to and from the scrubber
is presented in Figure A-10. As indicated in the figure, the two side exits from the elutriator
are each attached to one ft sections of 1 .00 in. i.d. Tygon tubing, which then join at a glass
"Y" connector. The stem end of the "Y" connector is attached (with a one ft section of 1.00 in.
i.d. Tygon tubing) to a diameter reducing piece of glass that feeds into the entrance
condenser to the scrubber through a rubber stopper. The targe tubing is held in place at
connections by ring clamps (Figure A-2).

*

Also as indicated in Figures A-10 and A-2, the exit condenser of the scrubber is connected to
a flow control valve with 0.25 in. i.d. Tygon tubing. The exit side of the flow control valve is
connected first to a 25 mm filter cassette and then to a vacuum pump. Both of these
connections also use 0.25 in. i.d. Tygon tubing.

A schematic indicating the configuration of air transfer lines leading from the filter cassette
mounts of the dust collection system Is depicted in Figure A-11. A photograph of the transfer
line connections is also presented in Figure A-12. As indicated in the figures, a 0.25 in. i.d.
Tygon line leads from the exit side of each filter cassette to a plastic, stop cock valve.
Another Tygon line then leads from each valve to one of two plastic T connectors so that
the pair of fitter cassettes mounted on the slide mechanism over the 1ST opening of the
elutriator are joined (beyond the stop cock valves) and the pair of filter cassettes mounted on
the slide mechanism over the ME opening are also joined (beyond the stop cock valves).
The common line from the exit side of each T connector is then connected first to a
flowcontrol valve and then to a vacuum pump. AD such connections use 0.025 in. i.d. Tygon
tubing.

NOTE

This is the configuration of air transfer lines that is appropriate during the operation of
the dust generator. The configuration that is appropriate during calibration of air flow
is discussed in Section 9.3.4 of the main text

As indicated previously, the side arm on the bottom cup of the elutriator is connected to a
two ft section of 055 in. I.d. Tygon tubing that is simply allowed to hang free (Figure A-6a).
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FIGURE A-11
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A.2 THEORY OF OPERATION

A.2.1 The Dynamics of Dust Generation

The dynamics of the release of dust from a sample during a run using the dust generator
have been evaluated so that the rate of release and mass of dust in the sample can be
derived from measurements of the mass of dust deposited over time on the set of filters
collected over the ME opening of the elutriator. Analysis of data obtained from several
different types of samples during the pilot study for this method (Berman et aJ., 1994}
indicate that the rate of release of mass from a sample in the dust generator is well described
by a first-order rate equation:

-divydt = k*Ms (A-1)

where:
M is the mass of respirable dust remaining In the sample at time T

(g);
t is the time since the start of the run (s); and

k is the first-order rate constant for the release (s*1).

The minus sign in this equation indicates that mass is lost with time.

Equation A-1 can be integrated to yield:

\n(MJ = ln{M0) - kt . (A-2)

where:
M0 is the mass of respirable dust in the sample at the start of the

run (i.e. at time t - 0) (g).

Given that *M8" can also be expressed as the difference between "M0" and'Tri," the cumulative
mass released up to time V Equation A-2 can also be expressed as:

t (A-3)

where:
M. is the cumulative mass released between the start of a run and

timeT(g).

The relationship presented in Equation A-3 Indicates that a plot of the natural logarithm of the
quantity (M0 -Mr) versus time should be a straight line with a slope equal to the rate constant
lor dust release, k, and an intercept equal to the initial mass of dust In the sample at the start
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V of the run, M0. The cumulative mass of dust released 'rom the sample over time, Mr can be
derived from measurements of dust collected on filters during the run. However, because MQ

also appears as part of one of the parameters that must be plotted to evaluate the
relationship expressed in Equation A-3. the value of MQ must be optimized using regression,
as described in Section 1 1 .2 of the main text of this method.

The cumulative mass released from a sample at time T during a run, "Mr" is directly
proportional to the cumulative mass measured on filters collected during the run:

M, = M,*(F5 + Fd + FJ/Fp (A-4)

where:
M( is the cumulative mass measured on filters collected from filters

mounted over the top of the elutriator up to time T (g);

F5 Is the rate of airflow through the scrubber (cm3/s);

Fd is the rate of airflow through the 1ST opening of the elutriator
(cm3/s); and

Fc Is the rate of airflow through the ME opening of the elutriator
(cm3/s).

Because Fs and Fc will typically have been set to 0.48*VV and Fd will typically have been set
to 0.047*VV during the initial setup of the dust generator (see Section 9.3.4), for most
applications, Equation A-4 reduces to:

Mr = 2.1*M, (A-5)

As indicated above, values for M0 must be derived by performing a regression analysis of the
relationship described by Equation A-3. This can be accomplished by using any of several
commercially available spreadsheet programs (such as, for example, LOTUS™). The
procedure to be followed to derive estimates of M0 and k are described in Section 11.2.

A.2.2 The Time Dependence of Dust Collection

As indicated In Section A.2.1 above, the generation of dust from the tumbler is well described
by the first order rate equation:

-dNydt-k'M, (A-1)

However, experience gained during the pilot study for this method (Berman et al. 1994)
further indicates that the rate of change of Ms. is sufficiently slow in most cases such that, for
periods of no more than 5 to 10 minutes, Ms can be considered constant Thus, for
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estimating such things as the time required to load individual filters in the dust generator, a
simpler form of Equation A-1 can be used (in which Ms is considered constant):

AMS = k*Ms«At (A-6)

where:
Ms is still the mass of respirable dust remaining in the sample at

time T but it is assumed constant over the short interval of time
'Af (g);

AMS is the mass of respirable dust released from the sample over the
short time interval "At" (g);

At is a relatively short time interval (no more than ten minutes)
during which the release of dust is being estimated (s); and

k is still the first-order rate constant for the release (s*1).

Based on Equation A-6, the mass of respirable dust deposited on a filter in the dust
generator, call this AMf, is simply the product of the dust released from the sample, AMS, and
the fraction of the flow through the dust generator that is also directed through that filter.
Thus, for filters collected over the isokinetic sampling tube (the 1ST opening of the elutriator):

AM, = 0.047* k*Ms*At (A-7)

or for filters collected over the ME opening of the elutriator:

AM, = 0.48* k*M8*At (A-8)

The correct value for Ms to be used with Equations A-7 and A-8 is the value estimated by the
relationship provided in Equation A-2 of Section A.2.1 where the T In Equation A-2 is the
time that has elapsed from the beginning of the run to the start of the Interval of interest, "At*.

NOTE

In deriving Equations A-7 and A-8, it was assumed that air flow within the dust
generator was setup as described in Section 9.3.4.
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AJZ.3 Size Separation Using the Vertical Elutrlator

Separation of the respirabfe fraction of a paniculate matrix can be accomplished by exploiting
differences in the settling velocities of particles of different sizes when such particles are
suspended in either a liquid or gaseous medium. However, air was selected as the medium
into which samples would be suspended In this method to avoid changes in the
characteristics of asbestos that typically occur when asbestos samples are placed in water2.
The force on a particle suspended in a moving fluid is- given by Stoke's Law (Fuchs, N.A.
1964). When such a particle fe suspended in a fluid that is moving upward such that the
force of the fluid and the force of gravity on the particle just balance and the particle remains
motionless, Stoke's Law indicates that the following relationship holds:

4/3*n*r3*d*g = -6*jcV*V| (A-9)

where:
r is the radius of the particle (cm);

d is the density of the particle (g/cm3);

g is the acceleration due to gravity (cm/s2);

r\ is the dynamic viscosity of the fluid (g/cm*s); and

V, is the linear velocity of the fluid (cm/s).

The velocity estimated in Equation A-9 is termed the Stoke's velocity, Vs.

By substituting the viscosity of air at room temperature (i.e. 20° C) and the acceleration due
to gravity Into Equation A-9, the value of the Stoke's velocity of a particle is estimated as
follows:

V3 = I.IS'loS^d • (A-10)

where V is the radius of the particle and "d* is the density of the particle. Because respirable
particles are generally defined as those exhibiting an 'aerodynamic equivalent diameter* of
10 urn. where an aerodynamic equivalent diameter is the diameter of a partide of unit density
that settles at the same rate as the particle of Interest, Equation A-10 can be used to find the
Stoke's velocity of the largest respirable particles in the elutriator (i.e. by substituting a radius
of 5 pm and assuming a density of i):

Vs = 0.295 cm/s

ft it well documented the! the »iz» dlftribution ot ubeitot structure! In a compile ch«ng« when such • sample is
pieced in weter. F«f «n overview of »uch documentation. tee Berm«n »nd Cheffietd (1990). TypfeeUy. the number of
•mid fiber* end bundle* incree*ei end the rmmbei end tomptowty d clucta* tnd nrtriCM d»tt«*»» wW>
«wnpl«t we ptecod in wmtef.
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The Stake's velocity for a particle is also equal to the velocity of the fluid stream that will just
hold a particle motionless against gravity. Because the goal of the dust generator is to
capture all particles that are potentially respirable, the velocity of air within the elutriator
should be set so that K is just slightly larger (i.e. by 5%) than the Stake's velocity estimated
above (for the largest respirable particles) so that all respirable particles entering the elutriator
will be imparted with an upward velocity and will be carried along with the air stream so that
they are, ultimately, either deposited on a filter or passed into the scrubber. Therefore,
airflow within the dust generator should be set so that the velocity of air within the vertical
elutriator is 5% greater than 0.295:

V, * o.31 cm/s.

A.3 DUST GENERATOR PROTOTYPE DESIGN FIGURES AND CONSTRUCTION
GUIDELINES

The figures of the prototype dust generator that are included in this package are intended to
be suggestive and not meant to be followed in exact detail. However, the dimensions of the
various cross-sectional areas of different parts of the dust generator, which affect the relative
air flows in various places, need to be followed closely for the dust generator to perform as
intended. Other design features, such as couplings, clamps, and seals are intended more to
be illustrative; alternate designs can be equally effective.

In spite of the low pressure differentials developed during operation in the prototype,
performance was found to be very sensitive to leaks, especially leaks occurring in the
isokinetic sampler filter mounts. Design features associated with the dust collection system
should therefore be selected so as to minimize the potential for leaks In this area. The air
flow path in the elutriator of any dust generator that is constructed for use with this method
should be tested for leaks when construction is completed and periodically thereafter.

So that dust generator equipment constructed for use with this method will perform
adequately, the following requirements must be incorporated into its design:

• the tumbler must be designed to hold a minimum of approximately 100 g of
. sample (with ample space left over to allow adequate tumbling) so that field

homogenlzation requirements are not compromised. It should also be
designed to assure a reasonably long pathlength over which air passes
through the sample and baffles (or square comers) should be incorporated to
assure adequate tumbling action and thorough mixing of sample and air,

• the pathlength of the elutriator should be a minimum of 10 times its diameter to
minimize the possibility of channeling and the diameter should be large enough
to assure a cross-sectional area that is at least 10 times that of the tumbler.
This latter requirement is to assure adequate air flow in the tumbler that will
effect efficient transfer of sample while flow throughout the device is limited to
allow flow In the etutriator to be set at 1.05 times the settling velocity of the
largest respirable particle of interest;
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• the entrance tube and bottom of the elutriator should be shaped so that
sufficient air velocities are maintained in this part of the device to assure a
smooth transition (with efficient sample transfer) between flow In the tumbler
and flow in the elutriator. It is also recommended that the entrance tube to the
elutriator be pointed downward as a further hindrance to channeling in the
elutriator; and

• filter mounts in the dust collection system need to allow for ready, facile
exchange of filters while minimizing the potential for air leaks in this area. A
modification incorporated into the prototype device to achieve both
requirements was to design aluminum mounts that are tapered such that the
shaved bottom half of commercially available filter cassettes fit snugly and can
be glued in place (to prevent air leaks at this joint). These can then be fitted
with filters and joined to the matching top halves of commercially available
cassettes. This feature takes good advantage of the fit between the two plastic
halves of a commercial fitter cassette, which are designed to join with minimal
leakage while allowing for rapid exchange ot filters. The bottom half of the
aluminum filter mounts are sealed into the slide mechanisms on the prototype
apparatus with o-rings.

The following figures are included in this package:

• Figure A-13 indicates the overall assembly of the prototype dust generator;

• Figure A-14 indicates the details of the prototype tumbler assembly;

• Figure A-15 indicates the details of the prototype vertical elutriator;

Figure A-16 Is a vertical cross-section of the top of the prototype vertical
elutriator indicating the relationship between the elutriator openings, the
tsokinetic sampling tube, and the slide mechanisms of the dust collection
system;

• Figure A-17 indicates the details ot the Isokinetic sampling tube;

Figure A-18 Indicates the details of the prototype slide mechanism of the dust
collection assembly; and

• Figure A-19 indicates the details of the prototype filter cassette mounts.
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FIGURE A- M PROTOTYPE TUMBLER ASSEMBLY DETAIL
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FIGURE A-16

SECTION OF ELUTRIATOR TOP
WITH EXTENSION TUBE



FIGURE A-17

LONGITUDINAL & TRANSVERSE SECTIONS OF
ISOKINETIC SAMPUNG TUBE
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FIGURE A-19

DETAIL OF PROTOTYPE FILTER CASSETTE MOUNTS
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1.0 PURPOSE

The purpose of this standard operating procedure (SOP) is to provide a standard approach for
quantitative analysis of asbestos in samples of soil or other soil-like materials using transmission
electron microscopy (TEM). Results are expressed as weight % (grams of asbestos per 100
grams of soil). This SOP is based on EPA Test Method 600/R-93/116 (Methodfor
Determination of Asbestos in Bulk Building Materials), and includes clarifications and
modifications specifically intended for application at the Libby Superfund site.

2.0 SCOPE AND APPLICATION

This method is intended for analysis of asbestos in soil or other similar soil-like media. This
method is generally appropriate for the analysis of all types of asbestos fibers, including both
chrysotile and amphiboles, but it has been optimized for amphiboles that are characteristic of the
Libby site. Note that the ashing preparation step may cause decomposition of chrysotile
asbestos, so results for chrysotile may be biased low.

This method provides an estimation of asbestos concentration in units of weight % and is
designed for soils that have been ground in accord with SOP ISSI-Libby-01. Recommended
counting rules generally follow the method defined in the Asbestos Hazard Emergency Response
Act (AHERA) (USEPA 1987), except where specifically indicated in this method or appropriate
project-specific laboratory modifications.

3.0 RESPONSIBILITIES

It is the responsibility of the laboratory supervisor to ensure that all analyses and quality
assurance procedures are performed in accord with this SOP, and to identify and take appropriate
corrective action to address any deviations that may occur during sample preparation or analysis.
The laboratory supervisor should also communicate with project managers at EPA or their
oversight contractors any situations where a change from the SOP may be useful, and must
receive approval from EPA for any deviation or modification from the SOP before proceeding
with sample preparation and analysis.
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4.0 EQUIPMENT

• Analytical balance(s)- for weighing samples and preparations
Crucibles and cover - for sample ashing

• Spatula or sample thief- for sample transfer from bulk sample container to crucible
Muffle furnace - for sample ashing

• 25-mm or 47-mm diameter 0.22-n.m pore size MCE filters - for filtering after wet
grinding and after sonication

• 25-mm or 47-mm diameter 5-^m pore size MCE filter - for backing the 0.22-um MCE
filter

• 25-mm or 47-mm filter apparatus (glass or disposable)
Petri dishes - used as "containment" for filter weighing and labeling

• Mortar and pestle - particle size reduction via wet grinding
Concentrated Hydrochloric Acid - to dissolve carbonaceous material in the sample

• Filtered deionized (FDI) water - wet grinding and sample transfer to filter apparatus;
sample suspension medium for sonication

• Hot plate or drying oven - for drying filters
• 4-ounce wide-mouth bottles - sample container for 100-mL sample suspension
• MicroPipettes, disposable tip (0.050 mL, 0.100 mL, 0.500 mL) - for sample suspension

transfer after sonication
• Tweezers - MCE filter preparation for TEM

Scalpel blade - MCE filter preparation for TEM
• Acetone or dimethylformamide/acetic acid mixture - MCE filter preparation for TEM
• Micropipette with disposal tips - MCE filter preparation for TEM

Plasma etcher -MCE filter preparation for TEM
• Carbon coaler - MCE filter preparation for TEM
• Jaffe washer - MCE filter preparation for TEM
• Acetone vapor generator - MCE filter preparation for TEM
• TEM- 80 to 120 kV transmission electron microscope (TEM), capable of performing

electron diffraction with a fluorescent screen inscribed with calibrated gradations,
is required. The TEM must be equipped with energy dispersive X-ray
spectroscopy (EDS) and it must have a scanning TEM (STEM) attachment or be
capable of producing a spot size of less than 250 nm in diameter in crossover.
The microscope must be calibrated and maintained according to the requirements
described in NVLAP Airborne Asbestos Program.
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5.0 METHOD SUMMARY

An aliquot of the soil sample is ashed to eliminate organic material, and then is ground in acid to
reduce particle size and dissolve carbonate-containing minerals. The resulting residue is
weighed and a measured aliquot is suspended in water and applied to a filter for examination by
TEM. The weight percent of asbestos in the sample is calculated either based on the measured
number and dimensions of the asbestos particles observed on the filter, or by use of a calibration
curve (Libby amphibole only).

6.0 DETAILED METHOD

6.1 Sample Preparation

6.1.1 Ashing

Substantial organic material in the sample can result in interferences for asbestos identification
and quantification by TEM. Therefore, all samples3 are ashed using the following procedure:

1. Weigh the crucible plus cover to the nearest 0.01 grams (g) and record the weight on the
Gravimetric Reduction Data Sheet (Attachment 1).

2. Mix each sieved and ground sample by tipping the bag upside down, and then returning it
to its original position. Use a clean sample thief to remove a uniform aliquot of the
material, and transfer a minimum of 0.5 to 1.0 g of the sample into the pre-weighed
crucible. Use as large a sample aliquot as possible so that the aliquot better represents
the soil sample, but do not fill the crucible more than about 1/3 full.

3. Cover the crucible and weigh the crucible plus sample to the nearest 0.01 g. Record this
weight in the Gravimetric Reduction Data Sheet (Attachment 1). Note: if the sample
appears to be moist (e.g., there is a tendency for the sample particles to adhere to each
other), the sample should be re-dried by heating at 60°C for 30-60 minutes and then
cooled before weighing as described above.

a In cases where the sample contains very little organic material, ashing my be omitted after
approval from EPA.
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4. Place the covered crucible into a muffle furnace.

5. Turn the furnace on and set the temperature to 480°C. [Note: if the furnace can achieve
this temperature faster than 2 hours, first turn the temperature to 250°C and hold at this
temperature for 1 hour before increasing the temperature to 480°C.] .

6. Hold the sample at 480°C for at least 4 hours.

7. Shut off the furnace and allow to the sample to cool.

8. When the sample has cooled, remove the crucible and weigh to the nearest 0.01 g.
Record this final weight in the Gravimetric Reduction Data Sheet (Attachment 1).

9. The weight % of the residue is calculated by dividing the ashed sample weight by the
starting sample weight and multiplying by 100. Record on the Gravimetric Reduction
Data Sheet (Attachment 1).

Note: It is understood that this ashing procedure might result in some parts of the sample
reaching temperatures that may begin to decompose chrysotile asbestos (about 500°C).
However, this SOP is intended for the analysis of amphibole asbestos, and amphibole asbestos is
not expected to begin decomposition unless temperatures are substantially higher.

6.1.2 Acidification and Grinding

1. Pour the sample from the ashing crucible into a mortar and combine with sufficient

concentrated hydrochloric acid (typically only a few drops) to dissolve any reactive
carbonaceous materials. This is indicated by cessation of effervescence.

2. Grind the mixture with the pestle for approximately 1 minute. The purpose of the
grinding is to ensure that any clumps of soil are fully disaggregated and well mixed with
the acid.

3. Wash the pestle by spraying FDI water over the pestle to remove all materials, allowing
the rinse water to drip into the mortar.
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4. Pour the sample/FDI water suspension from mortar into a filtering funnel containing a
pre-weighed 25-mm or 47-mm MCE filter. Rinse the mortar with FDI water and ensure
that all material is transferred to the funnel.

5. Rinse down the inside walls of the filter basin and verify that particles are not adhering
to the sides of the filter basin.

6. After filtering, place the filter on a hot plate or in a drying oven to dry.

7. When the sample residue and filter are dry, weight the filter and residue and calculate the
weight of the residue by subtracting the weight of the filter. Record on the Gravimetric
Reduction Data Sheet (Attachment 1).

8. Calculate the gravimetric reduction ratio (GRR) as:

GRR = final weight / starting weight

9. Decontaminate the mortar and pestle by washing thoroughly with FDI water between
samples.

6.1.3 TEM Filter Preparation

1. From the dried sample residue, remove about 100 mg, weighed to the nearest 1.0 mg and
record the weight on the Sample Analysis Data Sheet (Attachment 2).

2. Place the sample residue in a 4-ounce wide-mouth bottle and fill the bottle with 100 ± 1
mL of FDI water.

3. Sonicate the sample solution for 15 minutes, using a sonicator that delivers 0.10 ± 0.02
watts per mL of sample fluid. [Note: the sonication time of 15 minutes rather than the 1
hour recommended in EPA 600/R-93/116 is based on laboratory observations that 15
minutes is sufficient to break up the soil from the asbestos].

4. After sonication, thoroughly mix the suspension and remove aliquots for filtration
through 25-mm or 47-mm MCE filters. The aliquot volumes should be appropriate to
produce a total loading (fiber plus soil matrix) on the filter of about 15-25% (this is
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usually about 0.2 to 1.0 mL for 47 mm MCE filters). Prepare at least two grids from
each filter for examination by TEM in accord with standard AHERA methods.

6.2 Fiber Counting and Characterization by TEM

Begin by examination of the grids that have been prepared as described above, and identify the
pair that has the most nearly optimum total loading (about 15-25%). Attachment 3 provides
photomicrographs that illustrate the optimum total loading. If neither pair of grids is suitable,
prepare a new filter using an appropriate aliquot volume. If the appropriate volume is smaller
than about 0.2 mL, serial dilution should be used to help ensure the sample is representative and
to help achieve uniform total loading on the filter.

Record all results using the most recent version of the electronic data recording sheet entitled
"EPA 600 TEM Data Sheet.xls" (see Attachment 2). Contact the Volpe project manager to
identify the latest version authorized for use.

Counting Rules

Counting rules described below generally follow the AHERA method, except where specifically
indicated in this method for use in assessing asbestos fibers in Libby soils or appropriate project-
specific laboratory modifications. For example, refer to laboratory modification LB-000031 for
site-specific clarification of procedures for measurement and classification of particles.
Discussions pertaining to analytical sensitivity and detection limits from which the stopping
rules were derived are presented in Section 7.

1. For every asbestos fiber with an aspect ratio z 3:1, inspect the diffraction pattern and EDS
in order to assign the structure into one of three mineral classes:

Libby Amphibole (LA)
Other Amphibole (OA)
Chrysotile (C)

Examples of EDS that are characteristic of LA particles can be found in USEPA (2001)
and USEPA (2004). In addition, because EDS spectra vary between instruments, each
laboratory must generate a number of example spectra from authentic samples of LA in
order to establish a laboratory-specific reference library.
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Key attributes of the electron diffraction pattern that must be satisfied in order to rank a
particle as amphibole may be found in the AHERA TEM method (40 CFR Part 763). A
more detailed description is provided in Su (2003). As above, each laboratory should
establish and utilize a reference library of selected area electron diffraction (SAED)
patterns derived from authentic Libby amphibole samples to aid in particle classification.

With regard to classifying asbestos particles as LA, it is understood that LA spans a
range of mineral classes (actinolite, tremolite, winchite, richterite, etc.) and that there can
be variability in mineralogy between different LA particles and even within a single LA
particle. Hence, it is expected that there may be uncertainty in the correct classification
of some particles. In general, the "tough calls" (any particles for which the LA
identification is uncertain) should not be ranked as LA. However, all such structures
should be recorded on the data sheet, being sure to assign a "0" in the Total column. The
comment field should be used to indicate that the particle may have been LA and why a
definitive assignment was not made. If a "tough call" is ranked as LA, a record of the
spectrum and the diffraction pattern should be collected and retained.

It is assumed that most asbestos structures observed in ground and sonicated soil samples
will be fibers. If a higher order structure (bundle, cluster or matrix with multiple
structures) is encountered, count and record every substructure (fiber) that has an aspect
ratio of 3:1 or greater. Identify the particle type as fiber, but add a note to the comment
field indicating that the fiber was part of a higher-order structure. In the case of a bundle,
all of the sub-structures (fibers) may be recorded as a single unit, giving the dimensions
of the bundle rather than the dimensions of each of the individual sub-elements (fibers).
Be sure to record the particle type as bundle rather than fiber.

If any structure is observed that the analyst wishes to record but does not intend to be
included in the estimation of weight percent, that structure should be assigned an index
number of zero in the Total field of the data recording sheet along with a comment in the
comment field explaining the importance of the observed structure.

2. Analyze a minimum of 5 grid openings or 50 fibers (whichever occurs first) on each of
two grids. Always complete the structure count for the last grid opening evaluated.

3. Terminate fiber count at a minimum of 100 fibers or 10 grid openings (whichever occurs
first), providing that an analytical sensitivity of 0.02% has been achieved (see Section 7).
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If not, continue until this analytical sensitivity has been achieved. Always complete the
structure count for the last grid opening evaluated.

4. Record all data using the hardcopy and electronic data sheets provided in the Sample
Analysis Data Sheet (Attachment 2). Record the length, width, and asbestos type for
each structure. Make a record of the EDS spectrum and the diffraction pattern and take a
photomicrograph for at least one fiber of each asbestos type encountered in each sample.

6.3 Estimation of Weight Percent

The weight percent of asbestos in a sample may be estimated by one or both of two procedures,
as described below. For the PE study, both methods will be employed.

Calculation Based on Particle Size Data

Calculate the weight fraction in the residue sample by estimating the total weight of all asbestos
structures on the filter and dividing by the total weight of soil on the filter. The total weight of
all asbestos structures on the filter is calculated as follows:

GO- Ago

where:

WA = weight of asbestos on filter (mg)
EFA = Effective filter area (mm2)
GO = Number of grid openings counted
Ago = Area of grid opening (mm2)
t = particle thickness (um)
1 = particle length (um)
6 = particle density (g/cm3)
10"9 = Unit conversion factor (10"12 cmVum3 • 103 mg/g)

Note that this calculation assumes that the cross-section of an asbestos particle is approximately
square. The density of LA fibers is estimated to be approximately 3.1 g/cm3 based on typical
values for actinolite (3.0-3.2) and tremolite (2.9-3.2) (Dana 1950).
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The weight of soil on the filter is calculated as follows:

Ws = w- (V1/V2)

where:

Ws = weight of soil on the filter (mg)
w = weight of soil suspended and sonicated in water (mg)
VI = volume of sonicated suspension applied to filter (mL)
V2 = volume of water (mL) used to suspend and sonicate sample (typically 100 mL)

Thus, the weight fraction (expressed as a percent) in the sample, adjusted to account for loss
during gravimetric reduction, is calculated as:

WF(%) = (WA / Wj) • GRR • 100

Estimation Using a Standard Curve

An alternative method for estimating the weight fraction of LA in a soil sample will be assessed
as part of the PE study. The method uses an empiric standard curve to relates the frequency of
LA structures (expressed as LA structures per gram of soil) to the nominal weight percentage in
a series of calibration standards prepared and provided by USGS. For the PE study, the standard
curve will be based on at least three replicates of four different concentrations (0.2%, 0.5%, 1%,
and 2%) and a control soil. The control soil is a site-specific soil sample that is expected to be
free of asbestos at the study target detection limit (TDL). The range of concentrations included
must bound the range of concentrations identified in investigate samples. The best fit linear
equation through the data is established by ordinary linear regression, resulting in a model of the
following form:

Weight % (residue) = a + b-LA (s/g)

The final estimate of weight percent in the starting sample is the calculated by adjusting for the
gravimetric reduction ratio (GRR) as follows:

Final weight % = Weight % (residue) • GRR
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Based on the best estimates of the model parameters (intercept = a, slope = b), the weight

fraction of any field sample may be calculated from the measured LA particle frequency (s/g)
and the GRR.

6.4 Disposal of Investigation Derived Waste

After successful preparation of all necessary filters and grids from a sample, place all of the

unused materials into a large container and allow to settle for 1 -2 days. Decant the fluid and

filter through a 5 um filter in accord with all applicable state and federal regulations. Dispose of

the filtered water by pouring down the drain. Dispose of the filter and the residual mud in

accord with applicable regulations for asbestos-containing waste.

7.0 LABORATORY-BASED QUALITY ASSURANCE/QUALITY CONTROL

7.1 Analytical Sensitivity

The analytical sensitivity of the method may be estimated as follows:

AS =
GO-Ago-w(Vl/V2)

Typical values for these variables are as follows:

EFA (effective filter area) = 1295 mm2

H (average mass of an asbestos structure) = 6E-09 mg b

GO (number of grid openings counted) =10
Ago (area of a grid opening) = 0.01 mm2

w (weight of residue suspended in water) = 0. 1 g
VI (volume of suspension applied to filter) = 0.5 mL
V2 (volume of suspension water) = 100 mL
GRR (gravimetric reduction weight ratio) = 0.9 c

b This value is based on the average of 344 LA particles that have been evaluated as part of the
ISTMs study and preliminary tests using the PE samples.

c This value is an initial estimate based on the results of the gravimetric reduction process for
several soil samples from Libby.
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Based on these typical values, it is expected that the typical analytical sensitivity will be less
than 0.02%, which is sufficient for current decision-making requirements. If the a value of
0.02% is not achieved within 10 grid openings (e.g., because the mass of soil applied to the filter
is small), or if samples are encountered that are enriched in larger particle sizes (sensitivity is
strongly dependent on average particle size), increase the number of grid openings counted until
a sensitivity of 0.02% has been achieved. The equation for calculating the number of grid
openings needed to achieve a specified analytical sensitivity is as follows:

-GRR. -
(Target AS) -Ago-w (V\ I V2)

7.2 Detection Limit

The Method Detection Limit (MDL) depends on the true average rate that countable asbestos
structures are observed in filters prepared from soil blanks (ASTM 2000). Because these data
have not yet been collected, it is not possible to estimate the method detection limit at this time.
After these data are collected, the MDL will be estimated in accord with ASTM Standard
Practice D 6620-00 (ASTM 2000). A Target Detection Limit (TDL) may be assigned if defined
by project objectives. For the PE study, a target value of 0.2% will be useful in evaluating the
efficacy of the method since the lowest concentration on the standard calibration curve is 0.2%.
Therefore, a TDL of 0.2% is assigned as an a priori guideline. This value is subject to change
based upon information gained from the PE Study.

7.3 Precision

Precision is defined as the agreement between a set of replicate measurements without
assumption or knowledge of the true value. Agreement is usually expressed as the relative
standard deviation (RSD) for a set of replicate measurements, or as the absolute difference
between replicates. Each laboratory will obtain a measure of method precision by preparing and
analyzing laboratory splits at a rate of 5% (1 laboratory split for every 20 field samples) or 1 per
preparation batch, whichever is more frequent.

Data on the precision of this method are not yet available, and one of the goals of the PE study is
to assess this parameter. Initial data will be collected from a limited number of highly qualified
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laboratories, and these results will be used to establish interim performance criteria for other
laboratories. These criteria may be revised as additional data and experience are collected.

Once established, failure to meet acceptance criteria for precision may result in re-analysis
and/or re-preparation and re-analysis of all samples in the analytical batch.

7.4 Accuracy

Accuracy is a measure of the closeness of individual measurements to the "true" value.
Accuracy usually is expressed as a percentage of the true value. Accuracy is assessed by
analysis of Laboratory Control Samples (LCS). For the PE project, the USGS will provide a set
of Reference Materials that contain known amounts of Libby amphibole mixed with Libby soil.
These site-specific reference materials will be the primary basis for evaluating accuracy. In
addition, NIST has several reference standards for asbestiform minerals that are available on
filters. Accuracy may also be evaluated based on analysis of these NIST filters with the
understanding that they can assess accuracy in fiber counting and asbestos identification, but
cannot evaluate the soil sample preparation techniques.

Data on the accuracy of this method are not yet available, and one of the goals of the PE study is
to assess this parameter. Initial data will be collected from a limited number of highly qualified
laboratories, and these results will be used to establish interim performance criteria for other
laboratories. These criteria may be revised as additional data and experience are collected.

Once established, failure to meet acceptance criteria for accuracy may result in re-analysis
and/or re-preparation and re-analysis of all samples in the analytical batch.

7.5 Blanks

Absence of contamination in the collection and analysis of samples is assessed by analysis of
blanks. Two types of blanks will be run with each sample batch to ensure that there are no
significant sources of asbestos contamination in the laboratory.

A matrix blank is a sample of field matrix (soil) that is free of the analyte(s) of interest
(i.e., asbestos-free soil). Material to be used as matrix blanks will be provided by the
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USGS. These samples must be inserted in the analysis stream and prepared in the same
way as field samples at a frequency of 1% of samples, at minimum.

A sample blank is prepared by filtering 50 mL of water (the same type as used for sample
suspension/sonication) through the same type of filter used to prepare TEM grids. A
sample blank should be prepared each time a new batch of filters is opened and each time
the filtering unit is cleaned. Blanks will be considered contaminated if they have a
running average fiber loading greater than 18 asbestos structures per square millimeter or
a maximum loading greater 53 asbestos structures per square millimeter (USEPA 1987).
This generally corresponds to three or four asbestos structures found in ten grid openings.
The source of the contamination must be found before any further analysis can be
performed. Reject samples that are processed along with the contaminated blank samples
and prepare new samples after the source of the contamination is found.

7.6 Method Proficiency

Each laboratory performing sample preparation or analysis under this SOP must demonstrate
method proficiency before analysis of field samples. The laboratory must also repeat this
demonstration whenever new staff are trained or significant changes in instrumentation are
made. Proficiency tests must be updated yearly, unless staffing or instrumentation changes
require more frequent testing.

Proficiency will be evaluated by providing the laboratory with a blind set of Performance
Evaluation (PE) samples. PE samples for this site are prepared by the USGS and contain known
amounts of Libby amphibole mixed with site soil. The analytical laboratory will prepare and
analyze these samples using the same procedure as for filed samples. A laboratory will be
considered proficient if the results for the PE samples fall within acceptance criteria established
for the project.

At present, the acceptance criteria for blind PE samples have not yet been established. These
criteria will be developed and applied as work progresses.
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8.0 RECORDS

8.1 Analytical Data Forms

All primary (hard-copy) data on the preparation and analysis of samples will be entered using the
data recording sheets provided in Attachments 1 and 2. Data from these sheets are transferred by
the laboratory onto the corresponding electronic spreadsheet and are submitted to the sponsor in
electronic format. The original hard copy datasheet must be maintained by the laboratory until
otherwise instructed by EPA.

8.2 Spectra, Diffraction Patterns and Photomicrographs

One EDS spectrum, diffraction pattern and photomicrograph must be recorded for each mineral
type observed in each sample. These data must be maintained by the laboratory for inspection
upon request, until otherwise directed by EPA.

8.3 Instrument Maintenance Logbook

An individual instrument maintenance logbook should be kept for each piece of equipment in
use at the laboratory. All maintenance activities must be recorded in the appropriate logbook.

8.4 Data Storage and Archival

Electronic Data. Each day of data acquisition, all electronic files will be saved onto two
separate media. For example, the data may be saved onto a computer hard drive, but must also
be backed up onto a type of portable media such as CD-ROM, floppy disc, or tape. Portable
media will be maintained in a single location with limited access.

Hardcopy Data. All data sheets and micrographs must be stored in a secured location with
limited access (e.g., locking file cabinet) when not in use.

Copies (hardcopy and electronic) of the raw analytical data will be submitted to USEPA for
archival.
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ATTACHMENT 1

GRAVIMETRIC REDUCTION DATA SHEET

EPA 600 Gravimetric Reduction Data Sheet.xls
(Check with Volpe or SRC to determine the most recent version number)
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SAMPLE ANALYSIS DATASHEET

EPA 600 TEM Data Sheet.xls
(Check with Volpe or SRC to determine the most recent version number)
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1.0 PURPOSE

The purpose of this standard operating procedure (SOP) is to specify a method for quantification
of asbestos in samples of soil or other soil-like materials soil using transmission electron
microscopy (TEM). This SOP is based on methods established previously, including The Search
for a Method Suitable for Supporting Risk Assessment: The Determination of Asbestos in Soils
and Bulk Materials. A Feasibility Study (Berman 1990), and Superfund Method'for the
Determination of Releasable Asbestos in Soils and Bulk Materials, EPA 540-R-97-028 (USEPA
1997). This SOP includes clarifications and modifications to these methods specifically
intended for application at the Libby Superfund site. This method is still undergoing testing and
evaluation, and is not yet approved for application to field samples.

2.0 SCOPE AND APPLICATION

This method is specifically intended for analysis of asbestos in soil or other similar soil-like
media that have been ground in accord with SOP ISSI-Libby-01. This method is appropriate for
the analysis of all types of asbestos fibers, including both chrysotile and amphiboles, but has
been optimized for estimation of amphiboles that are characteristic of the Libby site. These are
referred to as Libby amphiboles (LA).

3.0 RESPONSIBILITIES

It is the responsibility of the laboratory supervisor to ensure that all analyses and quality
assurance procedures are performed in accord with this SOP, and to identify and take appropriate
corrective action to address any deviations that may occur during sample preparation or analysis.
The laboratory supervisor should also communicate with project managers at EPA or their

oversight contractors any situations where a change from the SOP may be useful, and must
receive approval from EPA for any deviation or modification from the SOP before proceeding
with sample preparation and analysis.

4.0 EQUIPMENT

• Analytical balance - for weighing samples
Spatula or sample thief - for sample transfer from bulk sample container

• 25-mm or 47-mm filter apparatus, glass or disposable
• Filtered, deionized (FDI) water - sample suspension medium
• 25-mm or 47-mm diameter cellulose ester (MCE) filters with 0.22 um or smaller pore

size - for filtration after fractionation by sedimentation
• Tweezers - MCE filter preparation for TEM
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• Scalpel blade - MCE filter preparation for TEM
Dimethylformamide/acetic acid mixture - MCE filter preparation for TEM
Micropipette with disposal tips - MCE filter preparation for TEM

• Plasma etcher -MCE filter preparation for TEM
• Carbon coater - MCE filter preparation for TEM
• Jaffe washer - MCE filter preparation for TEM

Acetone vapor generator- MCE filter preparation for TEM
TEM- 80 to 120 kV transmission electron microscope (TEM), capable of performing
electron diffraction with a fluorescent screen inscribed with calibrated gradations, is
required. The TEM must be equipped with energy dispersive X-ray spectroscopy (EDS)
and it must have a scanning TEM (STEM) attachment or be capable of producing a spot
size of less than 250 nm in diameter in crossover. The microscope must be calibrated and
maintained according to the requirements described in NVLAP Airborne Asbestos
Program.

5.0 METHOD SUMMARY

A soil sample is suspended in water and allowed to settle under the force of gravity. Soil
particles are mainly larger than asbestos particles, so they tend to settle toward the bottom more
rapidly than the asbestos particles. Therefore, the upper portion of the water column becomes
enriched in the asbestos fraction. A portion of fluid from the upper part of the water column is
removed and the remaining particles are collected on an MCE filter by vacuum filtration. This
filter is then prepared and examined by TEM. The concentration of asbestos in the sample
(expressed as mass percent) may be estimated either from the mass of the asbestos particles
observed (this method may tend to be biased low), or from the asbestos particle count using a
standard curve developed using site-specific reference materials.

6.0 DETAILED METHOD

6.1 Fractionation by Water Sedimentation

1. Mix the sieved and ground soil sample by tipping the container upside down, and then
returning it to its original position. Use a clean sample thief to remove a uniform aliquot
(about 1,000 mg) of the material and weigh to the nearest 1 mg.

2. Add the sample though a large-neck funnel into a 100-mL graduated cylinder containing
20-mL of FDI water.
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3. Rinse the container and funnel thoroughly with FDI water and add additional FDI water
to a final volume of 100 mL.

4. Seal the top of the graduated cylinder with either a glass stopper or parafilm and
thoroughly mix and suspend the soil by hand-inverting the cylinder 10 times.

5. Place the cylinder on a level surface and allow the suspension to settle for 30 minutes.

Note: Based on empiric observations, this time is sufficient to allow most soil particles
larger than about 5 um in diameter to settle out of the upper 5-10 cm of the cylinder, with
relatively low loss of asbestos fibers.

6. Using a clean pipette, remove a 1.0-mL aliquot from a depth of 5 cm below the meniscus.

Note: Do this by drawing lines on the cylinder at 4 cm and at 6 cm, and placing the
pipette tip between them. Do not allow the tip to go deeper than 6 cm. The distance that
particles settle under the force of gravity is not a function of the volume or size of the
graduated grass cylinder. Thus, the sample should be collected at a depth of 5 cm from
the top regardless of the cylinder size.

7. Place the 1.0-mL aliquot in a 100-mL graduated cylinder and add FDI water to a final
volume of 100-mL.

6.2 TEM Filter Preparation

1. Thoroughly mix the 100 mL sample by hand-inverting 10 times.

2. Remove 20 mL and filter through a 47 mm MCE filter (0.22 um or smaller pore size)
with a 47 mm MCE filter (5 um pore size) as backing filter using disposable filter funnel.

3. Prepare at least two grids from the filter for examination by TEM in accord with the
standard methods described in the Asbestos Hazard Emergency Response Act (AHERA)
(USEPA 1987), except where specifically indicated in this method or appropriate project-
specific laboratory modifications.

6.3 Fiber Counting and Characterization by TEM

Begin by examination of a grid to evaluate the loading. If the density of fibers is too high (e.g.,
more than 20-30 per grid opening), or if the density of solid debris is too low (less than about
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15%) or too high (e.g., greater than 25% coverage), then estimate the appropriate level of
dilution that is needed to achieve an optimal filter preparation (15-25% loading), and re-prepare
new TEM grids before proceeding with quantification.

Counting Rules

1. For every asbestos fiber with an aspect ratio ^3:1, inspect the diffraction pattern and EDS
in order to assign the particle into one of three classes:

Libby Amphibole (LA)
Other Amphibole (OA)
Chrysotile (C)

Examples of EDS that are characteristic of LA particles can be found in USEPA (2001)
and USEPA (2004). In addition, because EDS spectra vary between instruments, each
laboratory must generate a number of example spectra from authentic samples of LA in
order to establish a laboratory-specific reference library.

Key attributes of the electron diffraction pattern that must be satisfied in order to rank a
particle as amphibole may be found in the AHERA TEM method (40 CFR Part 763). A
more detailed description is provided in Su (2003). As above, each laboratory should
establish and utilize a reference library of selected area electron diffraction (SAED)
patterns derived from authentic Libby amphibole samples to aid in particle classification.

With regard to classifying asbestos particles as LA, it is understood that LA spans a range
of mineral classes (actinolite, tremolite, winchite, richterite, etc.) and that there can be
variability in mineralogy between different LA particles and even within a single LA
particle. Hence, it is expected that there may be uncertainty in the correct classification
of some particles. In general, the "tough calls" (any particles for which the LA
identification is uncertain) should not be ranked as LA. However, all such structures
should be recorded on the data sheet, being sure to assign a "0" in the Total column. The
comment field should be used to indicate that the particle may have been LA and why a
definitive assignment was not made. If a "tough call" is ranked as LA, a record of the
spectrum and the diffraction pattern should be collected and retained.

It is assumed that most asbestos structures observed in the ground soil samples will be
fibers. If a higher order structure (bundle, cluster or matrix with multiple structures) is
encountered, count and record every substructure (fiber) that has an aspect ratio of 3:1 or
greater. Identify the particle type as fiber, but add a note to the comment field indicating
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that the fiber was part of a higher-order structure. In the case of a bundle, all of the sub-
structures (fibers) may be recorded as a single unit, giving the dimensions of the bundle
rather than the dimensions of each of the individual sub-elements (fibers). Be sure to
record the particle type as bundle rather than fiber.

If any structure is observed that the analyst wishes to record but does not intend to be
included in the estimation of weight percent, that structure should be assigned an index
number of zero in the Total field of the data recording sheet along with a comment in the
comment field explaining the importance of the observed structure.

2. Analyze a minimum of 5 grid openings or 50 fibers (whichever occurs first) on the first
grid. Analyze the second grid until reaching a total (including the first grid) of at least
100 fibers or 10 grid openings (whichever occurs first).

3. Record all data for asbestos structures using the hardcopy and electronic data sheets
provided as Attachment 2. Record the length, width, and asbestos type (LA, OA, C) for
each structure. Make a record of the EDS spectrum and the diffraction pattern and take a
photomicrograph for one fiber of each asbestos type encountered in each sample. It is
not necessary to record data for non-asbestos structures.

6.4 Quantification of Results

The weight percent of asbestos in a sample may be estimated by one or both of two procedures,
as described below. For the PE study, both methods will be employed.

Calculation Based on Particle Size Data

Calculate the weight fraction in the residue sample by estimating the total weight of all asbestos
structures on the filter and dividing by the total weight of soil on the filter. The total weight of
all asbestos structures on the filter is calculated as follows:

GO-Ago

where:

WA = weight of asbestos on filter (mg)
EFA = Effective filter area (mm2)
GO = Number of grid openings counted
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Ago = Area of grid opening (mm2)
t = particle thickness (um)
1 = particle length (um)
5 = particle density (g/cm3)
10~9 = Unit conversion factor (10~12 cnvVum3 • 103 mg/g)

Note that this calculation assumes that the cross-section of an asbestos particle is approximately
square. The density of LA fibers is estimated to be approximately 3.1 g/cm3 based on typical
values for actinolite (3.0-3.2) and tremolite (2.9-3.2).

The weight of soil on the filter is calculated as follows:

Ws = ( w / V l ) - ( V 2 / V 3 ) - V 4

where:

Ws = weight of soil on the filter (mg)
w = weight of soil suspended in water (typically about 1000 mg)
VI = volume of water used in original suspension (typically 100 mL)
V2 = volume of water (mL) removed after settling (typically 1.0 mL)
V3 = volume of water used to dilute V2 (typically 100 mL)
V4 = volume of suspension applied to filter (typically 20 mL)

Thus, the weight fraction (expressed as a percent) in the sample is calculated as:

WF(%) = (WA / Ws) • 100

It is important to note that this method for estimating weight fraction may tend to be biased low.
This is because some asbestos may be lost during settling, especially if any large particles of
asbestos remain in the sample. Thus, the results derived from this approach should be treated as
semi-quantitative, with the expectation that the true value is more likely to be above than below
the measured value.

Estimation Using a Standard Curve

An alternative method for estimating the weight fraction of LA in a soil sample will be assessed
as part of the PE study. The method uses an empiric standard curve to relates the frequency of
LA structures (expressed as LA structures per gram of soil) to the nominal weight percentage in
a series of calibration standards prepared and provided by USGS. For the PE study, the standard
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curve will be based on at least three replicates of four different concentrations (0.2%, 0.5%, 1%,
and 2%) and a control soil. The control soil is a site-specific soil sample that is expected to be
free of asbestos at the study target detection limit (TDL). The range of concentrations included
must bound the range of concentrations identified in investigate samples. The best fit linear
equation through the data is established by ordinary linear regression, resulting in a model of the
following form:

Weight % (residue) = a + b-LA (s/g)

Based on the best estimates of the model parameters (intercept = a, slope = b), the weight
fraction of any field sample may be calculated from the measured LA particle frequency (s/g).

6.5 Disposal of Investigation Derived Waste

After successful preparation of all necessary filter and grids from a sample, place all of the
unused materials into a large container and allow to settle for 1-2 days. Decant the fluid and
filter through a 5 um filter as described in applicable State regulations. Dispose of the filtered
water by pouring down the drain. Dispose of the filter and the residual mud in accord with
applicable regulations for asbestos-containing waste.

7.0 LABORATORY-BASED QUALITY ASSURANCE/QUALITY CONTROL

7.1 Analytical Sensitivity

The analytical sensitivity of the method may be estimated as follows:

G O - A g o - ( w / V \ ) - ( V 2 / V 3 ) - V 4

Typical values for these variables are as follows:

EFA (effective filter area) = 1 295 mm2

H (average mass of an asbestos structure) = 6E-09 mg '
GO (number of grid openings counted) =10
Ago (area of a grid opening) = 0.01 mm2

w (weight of residue suspended in water) = 1000 mg
VI (volume of primary suspension) = 100 mL

1 This value is based on the average of 344 LA particles that have been evaluated as part of the
ISTMs study and preliminary tests using the PE samples.
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V2 (volume of suspension taken for analysis) = 1.0 mL
V3 (volume of secondary suspension) = 100 mL
V4 (volume applied to filter) = 20 mL

Based on these typical values, it is expected that the typical analytical sensitivity will be less
than 0.01%, which is sufficient for current decision-making requirements. If the a value of
0.01% is not achieved within 10 grid openings (e.g., because the mass of soil applied to the filter
is small), or if samples are encountered that are enriched in larger particle sizes (sensitivity is
strongly dependent on average particle size), increase the number of grid openings counted until
a sensitivity of 0.01% has been achieved. The equation for calculating the number of grid
openings needed to achieve a specified analytical sensitivity is as follows:

GO-
(Target AS) • Ago • (w I VI) • (V2 I V3) • V4

7.2 Detection Limit

The Method Detection Limit (MDL) depends on the true average rate that countable asbestos
structures are observed in filters prepared from soil blanks (ASTM 2000). Because these data
have not yet been collected, it is not possible to estimate the method detection limit at this time.
After these data are collected, the MDL will be estimated in accord with ASTM Standard
Practice D 6620-00 (ASTM 2000). A Target Detection Limit (TDL) may be assigned if defined
by project objectives. For the PE study, a target value of 0.2% will be useful in evaluating the
efficacy of the method since the lowest concentration on the standard calibration curve is 0.2%.
Therefore, a TDL of 0.2% is assigned as an a priori guideline. This value is subject to change
based upon information gained from the PE Study.

7.3 Precision

Precision is defined as the agreement between a set of replicate measurements without
assumption or knowledge of the true value. Agreement is usually expressed as the relative
standard deviation (RSD) for a set of replicate measurements, or as the absolute difference
between replicates. Each laboratory will obtain a measure of method precision by preparing and
analyzing laboratory splits at a rate of 5% (1 laboratory split for every 20 field samples) or 1 per
preparation batch, whichever is more frequent.

Data on the precision of this method are not yet available. Initial data will be collected from a
limited number of highly qualified laboratories, and these results will be used to establish interim
performance criteria for other laboratories. These criteria may be revised as additional data and
experience are collected.
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Once established, failure to meet acceptance criteria for precision may result in re-analysis
and/or re-preparation and re-analysis of all samples in the analytical batch.

7.4 Accuracy

Accuracy is a measure of the closeness of individual measurements to the "true" value.
Accuracy usually is expressed as a percentage of the true value. Accuracy is assessed by
analysis of Laboratory Control Samples (LCS). For this project, the USGS will provide a set of
Reference Materials that contain known amounts of Libby amphibole mixed with Libby soil.
These site-specific reference materials will be the primary basis for evaluating accuracy. In
addition, NIST has several reference standards for asbestiform minerals, and accuracy may also
be evaluated based on analysis of these samples.

Data on the accuracy of this method are not yet available. Initial data will be collected from a
limited number of highly qualified laboratories, and these results will be used to establish interim
performance criteria for other laboratories. These criteria may be revised as additional data and
experience are collected.

Once established, failure to meet acceptance criteria for accuracy may result in re-analysis and/or
re-preparation and re-analysis of all samples in the analytical batch.

7.5 Blanks

Absence of contamination in the collection and analysis of samples is assessed by analysis of
blanks. Two types of blanks should be run with each sample batch to ensure that there are no
significant sources of asbestos contamination in the laboratory.

A matrix blank is a sample of field matrix (soil) that is free of the analyte(s) of interest (i.e.,
asbestos-free soil). Material to be used as matrix blanks will be provided by the USGS. These
samples must be inserted in the analysis stream and prepared in the same way as field samples at
a minimum frequency of 1% of samples.

A sample blank is prepared by filtering 20 mL of water (the same type as used for sample
fractionation and suspension) through the same type of filter used to prepare TEM grids. A
sample blank should be prepared each time a new batch of filters is opened. Blanks will be
considered contaminated if they have a fiber loading greater than 53 asbestos structures per
square millimeter. This generally corresponds to three or four asbestos structures found in ten
grid openings. The source of the contamination must be found before any further analysis can be
performed. Reject samples that are processed along with the contaminated blank samples and
prepare new samples after the source of the contamination is found.
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7.6 Method Proficiency

Each laboratory performing sample preparation or analysis under this SOP must demonstrate
method proficiency before analysis of field samples. The laboratory must also repeat this
demonstration whenever new staff is trained or significant changes in instrumentation are made.
Proficiency tests must be updated yearly, unless staffing or instrumentation changes require
more frequent testing.

Proficiency will be evaluated by providing the laboratory with a blind set of Performance
Evaluation (PE) samples. PE samples for this site are prepared by the USGS and contain known
amounts of Libby amphibole mixed with site soil. The analytical laboratory will prepare and
analyze these samples using the same procedure as for filed samples. A laboratory will be
considered proficient if the results for the PE samples fall within acceptance criteria established
for the project.

At present, the acceptance criteria for blind PE samples have not yet been established. These
criteria will be developed and applied as work progresses.

8.0 RECORDS

8.1 Analytical Data Forms

All primary (hard-copy) data on the preparation and analysis of samples will be entered using the
data recording sheets provided in Attachments 1 and 2. Data from these sheets are transferred by
the laboratory onto the corresponding electronic spreadsheet and are submitted to the sponsor in
electronic format. The original hard copy datasheet must be maintained by the laboratory until
otherwise instructed by EPA.

8.2 Spectra, Diffraction Patterns and Photomicrographs

One EDS spectrum, diffraction pattern, and photomicrograph must be recorded for each mineral
type observed in each sample. These data must be maintained by the laboratory for inspection
upon request, until otherwise directed by EPA.

8.3 Instrument Maintenance Logbook

An individual instrument maintenance logbook should be kept for each piece of equipment in
use at the laboratory. All maintenance activities must be recorded in the appropriate logbook.
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8.4 Data Storage and Archival

Electronic Data. Each day of data acquisition, all electronic files will be saved onto two
separate media. For example, the data may be saved onto a computer hard drive, but must also
be backed up onto a type of portable media such as CD-ROM, floppy disc, or tape. Portable
media will be maintained in a single location with limited access.

Hardcopy Data. All data sheets and micrographs must be stored in a secured location with
limited access (e.g., locking file cabinet) when not in use.

Copies (hardcopy and electronic) of the raw analytical data will be submitted to USEPA for
archival.
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ATTACHMENT 1

EPA-LIBBY-07
TEM DATA RECORDING SPREADSHEET

SOP 7 TEM Data Sheet.xls
(Check with Volpe or SRC to determine the most recent version number)
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A. PROJECT MANAGEMENT

A4. PROJECT/TASK ORGANIZATION

The project for which this Sampling and Analysis Plan (SAP) has been prepared is being
planned and performed by the U.S. Environmental Protection Agency (USEPA) Region 8. The
following individuals are the USEPA project personnel with overall responsibility for the design
and conduct of the project:

Jim Christiansen, USEPA Remedial Project Manager (RPM), oversees all remedial
activities at the Libby Operable Unit 4 site and is the primary data user and
decision-maker at the site.

Aubrey Miller, USEPA Regional Toxicologist, serves as the technical lead for all
scientific and medical aspects of the project related to estimation of human health risk
from asbestos exposure.

Mary Goldade, USEPA Regional Chemist, serves as the technical lead for all aspects of
the project related to the collection and analysis of environmental samples for asbestos
content.

Responsibility for implementation of the SAP specified in this document has been assigned to
the U.S. Department of Transportation Volpe Center and to CDM Federal Programs Corporation.
The Volpe Technical Lead will have overall responsibility for coordinating the project and
ensuring compliance with this SAP.

A5. PROBLEM DEFINITION and BACKGROUND

Libby, Montana, is a community located near an open pit vermiculite mine which began limited
operations in the 1920's and was operated on a larger scale by the W. R Grace Company from
approximately 1963 to 1990. Studies at the site have revealed that the vermiculite from the mine
contains amphibole-type asbestos. This is referred to in this project as Libby Amphibole (LA)
asbestos. Although the mine has ceased operations, concern exists that residual mine-related
materials could be serving as on-going sources of LA release to indoor and outdoor air in Libby,
and that these exposures could be of health concern to current and future residents and workers
in the area.

One potential source of LA exposure in area homes and workplaces is indoor dust. Asbestos in
indoor dust may become airborne as a result of disturbances by human activities, leading to the
potential for inhalation of asbestos fibers by residents or workers. It is important to note that
indoor dust is not a primary source of LA, but may become contaminated with LA from other
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sources, including past or present releases from indoor vermiculite insulation, transport of
outdoor soil that contains LA, historic transport of LA-containing dust from the mine on workers
clothing, etc. Thus, once the pathway from the primary source to dust is interrupted, an eventual
decrease in LA levels in indoor dust will occur. However, if the dust has become substantially
contaminated with asbestos, human exposure may continue to occur for some time at levels of
potential concern even after the primary source(s) is(are) controlled. It is for this reason that a
method is needed to evaluate the level of asbestos in indoor dust and a guideline is needed for
determining when the asbestos level is high enough to warrant a direct remediation of the dust.

This document provides a detailed description of the program that will be used for collection,
analysis and interpretation of asbestos levels in indoor dust at Libby, Montana.

A6. PROJECT/TASK DESCRIPTION

The basic tasks required to develop a SAP that will support risk management decision-making
with regard to indoor dust are:

1. Establish a standard method for the selection of indoor dust sampling locations
2. Establish a standard method for the collection of indoor dust samples
3. Establish a standard method for the analysis of indoor dust samples
4. Establish a quality assurance program to assess the reliability of the dust data
5. Establish a standard method for interpreting the results and deciding when dust

remediation is needed

A7. QUALITY OBJECTIVES AND CRITERIA FOR MEASUREMENT DATA

EPA has developed a seven-step Data Quality Objectives (DQO) procedure that is designed to
ensure that sampling and analysis plans are carefully thought out and that the plan will be
adequate to meet the basic objectives of the program. Application of this seven step procedure
to the development of the SAP for indoor dust is presented below.

Step 1. State the Problem

As discussed above, EPA's plan for addressing human exposure to asbestos in Libby focuses on
identifying and removing LA sources such as vermiculite insulation and contaminated outdoor
soils. However, in some locations, indoor dust may have become sufficiently contaminated that
active remediation of dust is needed to protect human health. A standard method for dust
collection and asbestos analysis has been established (ASTM D5755-95), but some project-
specific clarifications and modifications are needed to ensure the data collected by this method
are adequate to identify and quantify LA, and to ensure consistency in approach between
laboratories. In addition, this method needs to be incorporated into a larger sampling and
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analysis plan that provides a consistent and logical basis for deciding where to sample and how
to interpret the results.

Step 2.Identify the Decision

The basic decision to be made is whether indoor dust at a particular location contains LA levels
that are high enough that active remediation by EPA of contaminated dust is needed (in addition
to direct source control). Although other types of asbestos may occur in some dust samples, all
decisions regarding the need for active dust remediation by EPA will be based on LA levels.

Step 3. Identify Inputs to the Decision

Inputs to the decision include reliable data on the concentration of LA in dust. This information,
in turn, is obtained by the collection and analysis of dust samples from homes and commercial
properties in Libby. Analysis of dust for asbestos is achieved by microscopic examination of the
dust sample in order to estimate the number of LA structures present in the sample. Results are
generally expressed a structures per cm2 of surface area sampled.

Step 4. Define the Study Boundaries

The spatial boundary of the project includes all homes and workplaces in Libby that may have
been impacted by past or ongoing asbestos contamination. Because it is possible that, within any
particular building, dust contamination with LA may vary between levels (floors), each level of a
residence or building will be evaluated as a separate unit. Note, however, that because dust is
not a primary but a secondary source, dust sampling is not needed in all locations, but only in
locations where there is some reason to suspect that contamination of dust may have occurred by
one or more LA release or transport mechanisms.

Step 5. Develop a Decision Rule

At present, there is no standard method for establishing a quantitative relationship between the
level of LA in dust and the resultant level of health risk to humans. However, screening-level
risk calculations indicate that a concentration of approximately 5,000 LA structures per cm2 may
be associated with risks that exceed EPA's usual guidelines and which could pose an
unacceptable residual risk to residents (USEPA 2003). On this basis, the decision rule is:

If the average concentration of LA in indoor dust on a particular level (floor) of a
particular residence or building is greater than 5,000 LA structures per cm2, EPA will
perform active remediation of that contaminated dust.

If the average indoor dust concentration does not exceed 5,000 LA s/cm2, active dust remediation
will not be taken.
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Step 6. Specify Limits on Decision Errors

Because of statistical variation when a dust sample is analyzed, the reported concentration in a
sample may not equal the true concentration in that sample. In some cases, the estimate will be
too high, while in other cases the estimate will be too low. Because of this statistical variation in
analytical results, two types of decision error may occur:

Type I Error: The true concentration of LA in dust is lower than 5000 s/cm2, but the
estimated value is above 5000 s/cm2, and active dust remediation is undertaken even
though it is not needed.

Type II Error: The true concentration of LA in dust is higher than 5000 s/cm2, but the
estimated value is less than 5000 s/cm2, and no active dust remediation is undertaken.

Both types of error are of concern to EPA. Occurrence of a Type II error means that humans
may be exposed to LA at a level of potential concern, and a Type I error means that time and
money resources have been expended that might have been better spent elsewhere.

Figure 1 shows the probability that a decision error will occur, plotted as a function of the true
concentration of LA at a location. Because the probability of a decision error depends on the
sensitivity of the analysis, three different curves are shown, corresponding to an analytical
sensitivity of 500, 1,000, or 2,500 s/cm2. When the true concentration is less than 5,000 s/cm2,
only Type I errors can occur (the true concentration is less than 5,000 s/cm2, but the measured
value may be above 5,000 s/cm2). Conversely, when the true concentration is above 5,000 s/cm2,
only a Type II error can occur (the true concentration is above 5,000 s/cm2, but the measured
value may be below 5,000 s/cm2). As seen, as the sensitivity increases (becomes poorer), the
chances of both a Type I and a Type II error increase.

Choosing the maximum acceptable Type I and Type II error rate is a risk management decision.
At this site, the error rate goals are as follows:

Error Type

Type I

TypeH

Error Rate Goal

Less than 10% at a true concentration of 2,500 s/cm2

Less than 1 0% at a true concentration of 1 0,000 s/cm2

These error rates are chosen based on the recognition that the decision rule for active dust
cleanup by EPA (5,000 LA s/cm2) is based on a number of assumptions, and hence it is
inappropriate to think of the rule as if there were a clear and sharp distinction between values
above and below 5,000 s/cm2. Rather, there is a gradient of concern as a function of increasing
dust contamination, and values of 4,000 s/cm2 (which would not trigger EPA intervention) are
only slightly less of concern than values of 6,000 s/cm2 (which would trigger EPA intervention).
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In addition, it is important to recognize that if a Type II error occurs, the exposure that results is
not expected to be long-lasting, but to diminish over time (because all known primary sources
will have been removed or encapsulated). In this regard, EPA will provide HEPA vacuums to all
residents in Libby, so routine cleaning by residents will, over time, have nearly the same effect
on dust as active remediation by EPA. Finally, if a Type I error occurs, the funds and resources
expended are not actually "wasted", since the presence of asbestos in dust does pose a hazard
regardless of level, and removal of dust at locations that are actually somewhat lower than 5,000
s/cm2 will only decrease risk and hasten the achievement of overall goals.

As seen by inspection of Figure 1, these target error rates can be achieved if the sensitivity of
each dust analysis is 1,000 s/cm2 or less. This sensitivity can be achieved most easily by
adjusting the number of grid openings counted, or by using ashing to reduce the amount of non-
asbestos debris in the sample (and hence reducing the dilution factor that must be used to avoid
overloading).

Step 7. Optimize the Design for Obtaining Results

The SAP for dust may be revised and refined as additional information is collected during the
project.

B. MEASUREMENT/DATA ACQUISITION

Bl. SAMPLING PROCESS DESIGN

Indoor dust samples will be collected and analyzed in accord with this SAP under several
different but inter-related programs at the site, including the following:

1. CSS. The Contaminant Screening Study (CSS) is an interim step in the performance of a
full Remedial Investigation (Rl) as the site. The CSS was initiated in May 2002 with the
goal of assigning every property in Libby into one of three categories: remediation
required, no remediation required, or additional information required. The CSS
investigation uses a combination of visual inspections, verbal interviews, and soil
sampling to screen each property in the study area for the presence or absence of
potential sources of LA.

2. Pre-Design Investigations. Pre-design investigations will be performed at all homes that
have been identified during the CSS as requiring one or more types of remediation.
Pre-design inspection teams will collect any additional samples (potentially including
indoor dust samples) required to determine specific remediation needs.

3. RI sampling. For homes that went through the CSS and were identified as requiring
further evaluation (i.e., there was no clear trigger for cleanup, but there was some
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indicator that dust may be contaminated), EPA will revisit the property, primarily to take
dust samples.

As noted above, because indoor dust is a secondary source, sample collection and analysis is not
required at all locations, but only when there is an indication that dust contamination might be of
concern. The triggers for collection of a dust sample under each program vary, and are described
in the project plan for each program (CDM 2002, 2003a, 2003b). Some possible examples of
triggers for dust collection include the following:

• The property is located near a known historic or current source of LA or vermiculite
release

• LA and/or vermiculite were detected above levels of concern in soil samples from the
property

• The building previously had interior vermiculite-containing insulation (VCI), currently
has non-exposed vermiculite, or the presence of VCI (past and/or present) cannot be
determined

• The property is or was occupied by a worker at the mine
• The property is or was occupied by a person with asbestos-related lung disease

Specific triggers for dust collection and analysis may be revised as data collection proceeds and
new information becomes available.

When a dust sample is collected, the indoor sampling locations at each such property will be
selected in the field based on where contaminated dust is most likely to be found. All dust
samples will be a composite, generally from three sub-locations, each 100 square centimeter
(cm2) in area. The number of samples and sample locations are determined as follows:

Two dust samples (each a composite of three 100-cm2 templates) will be collected on
each level of the living space (i.e., finished basement, ground floor, 2nd floor). One
composite sample from each floor will be collected from accessible horizontal surfaces
(i.e., windowsill, shelving, cabinets, etc.). The second composite sample on each floor
will be collected from high-traffic walkways (including solid surfaces and rugs or
carpets), focusing on the most probable walkway for tracking contamination into that
level of the building.

Unfinished attics, basements, and attached garages will not be considered part of the
living space and will be characterized separately. One three-template composite sample
will be collected from high-traffic walkways and horizontal surfaces inside attics,
unfinished basements, and attached garages.

Outbuildings (i.e., shed, detached garages) will be sampled only if soil is observed to be
contaminated, if the outbuilding contains, or is known to have contained, VCI, or if there
are other indications of secondary sources (residents worked at the mine or have
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asbestos-related disease, etc.). One three-template composite sample will be collected
from the outbuilding entryway and horizontal surfaces.

Note that whenever exposed VCI is visible at a sampling location (i.e., a specific level of a
specific building), a dust sample will not be collected from that location. This is because the
presence of visible exposed VCI is taken as prima fascia evidence that active remediation of the
VCI and any associated dust will be required. Therefore, collection and analysis of a dust
sample is not needed.

B2. SAMPLING METHODS REQUIREMENTS

Dust sampling is performed in basic accord with the American Society for Testing Materials
(ASTM) Method D5755-95 (ASTM 1995), except as noted below. In brief, dust is collected
using a microvacuum that consists of a battery-operated low volume sampling pump connected
to a 25-millimeter (mm) vacuum dust sampler cassette equipped with a mixed cellulose ester
(MCE) filter with a pore size of 0.45 um.

Typically, three sub-areas, each 100 cm2 in area, will be sampled. Each sub-area will be
delineated using a template. At each sub-area, dust will be drawn into the cassette by activating
the pump and passing the nozzle along the surface for 2 minutes in a manner sufficient to
vacuum up the settled dust, as detailed in ASTM D5755-95. After dust from the last sub-area is
collected, the cassette will be capped, sealed, and labeled as described in Section B3 (below).

Pump calibration will be performed by using a primary standard calibration device (e.g.
Dry-Cal) with a 25 mm diameter 0.45 micron MCE filtered cassette inline before sample
collection. The flow-rate of the low-volume sampling pump will be 2 liters per minute
(approximate air velocity of 100 (± 10) cm/sec based on the flow rate and the 6.35 mm tubing
diameter) throughout the sample period.

B3. SAMPLE DOCUMENTATION, HANDLING AND CUSTODY REQUIREMENT

Field Log Book

Each sampling team will maintain a field log book in accord with CDM SOP 4-1 (Field Logbook
Content and Control). Typically the following information is recorded for each location visited:

Names of team members
Location (address) of sample collection site
Date and time of sample collection
Number and location of samples collected

• Location(s) of any visible VCI (dust samples will not be collected at these
locations)
Any deviations from standard procedures
Any special circumstances that influenced sample collection

7
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Field Data Sheets

Detailed information on each dust sample collected will be entered onto a field data sheet in
accord with SOP CDM-Libby-03. Field data sheets to be used for dust are presented in
Appendix A.

Sample Numbering System

All dust samples collected during the CSS and RI will be assigned a sample number in accord
with the numbering system defined in the project-specific plan. These sample numbers may be
assigned in any order that is convenient for field supervisors and sampling crews. In order to
minimize the chance of error in number assignment, pre-printed sheets of adhesive labels with
sequential sample numbers will be prepared and provided to field crews. Each sheet will have
four identical labels for each sample number. Once a sample is collected, one adhesive label will
be attached to the sample cassette, one to the zip-lock bag used to contain the cassette, one to the
appropriate field data sheet, and one in placed in the field log book.

Sample Handling and Custody Requirements

Once the dust sample has been collected and sealed as described in ASTM D5755-95 (with
modifications described above), a custody seal will be affixed to the cassette. The cassette will
be placed into a separate zip-lock baggie. Custody of all indoor dust samples will be
relinquished to the sample coordinator for hand-delivery to the onsite laboratory or shipment to
an offsite laboratory. If dust samples are to be shipped, they will be packaged and shipped in
accordance with CDM SOP 2-1, Packaging and Shipping of Environmental Samples (CDM
2002).

The chain-of-custody for all samples will be prepared in accordance with CDM SOP 1-2. All
required paper work, including sample container labels, chain-of-custody forms, custody seals
and shipping forms will be fully completed in ink (or printed from a computer) prior to shipping
of the samples to the laboratory. All corrections to the chain-of-custody record will be initialed
and dated by the person making the corrections. Each chain-of-custody form will include
signatures of the appropriate individuals indicated on the form. The originals will accompany
the samples to the laboratory, and copies documenting each custody change will be recorded and
kept on file.

Upon receipt at the laboratory, the samples will be given to the laboratory sample custodian.
The shipping container(s) will be opened and the contents inspected. Chain-of custody forms
will be reviewed for completeness, and samples will be logged and assigned a unique laboratory
sample number. Any discrepancies or abnormalities in samples will be noted and the sample
coordinator for the project will be promptly notified.
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All sample cassettes must be maintained by the laboratory under chain-of-custody until
otherwise instructed by the laboratory coordinator.

Record Keeping

The Volpe technical lead will maintain all original hard copy and electronic data generated
during the project, including log books, field data sheets, analytical data packages, and other
relevant reports. One copy of each chain-of-custody will be kept by the sample coordinator. A
complete copy of all relevant records will be provided to EPA.

B4. ANALYTICAL METHODS REQUIREMENTS

All dust samples will be analyzed for asbestos content using transmission electron microscopy
(TEM) coupled with energy dispersive spectroscopy (EDS). Samples will be prepared for TEM
analysis using an indirect preparation, as described in ASTM D5755-95, with project-specific
modification as described in SOP SRC-LIBBY-05.

B4.1 Sample Preparation

Basic Procedure

The sample cassette is opened and the contents are rinsed out and resuspended in 100 rnL of a
particle free-mixture of water and ethanol (50:50 by volume). A fraction of this resuspension
fluid (up to a maximum of 50 mL) is then applied to a secondary MCE filter such that the total
dust loading on the secondary filter does not exceed approximately 20-25%. A fraction of this
secondary filter is then used for preparation of two or more TEM grids, as detailed in ASTM
D5755-95.

Check of Sensitivity

The sensitivity of an analysis is given by the following equation:

Sensitivity (s/cm2) = EFA / (GO • AGO • AREA • F)

where:

EFA = effective area (mm2) of the secondary filter
GO = Number of grid openings counted
AGO = Area of a grid opening (mm2)
AREA = Area from which the dust sample was collected (cm2)
F = Fraction of the original sample applied to the secondary filter

As discussed in the DQO section, a minimum sensitivity of 1,000 s/cm2 is required in order to
achieve the specified decision error tolerances. It is expected that for most dust samples, this
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sensitivity can be achieved by analysis of 10 grid openings. For example, given typical
analytical parameters (EFA = 1295 mm2, GO= 10, AGO = 0.01 mm2, AREA = 300 cm2, F = 0.1),
the sensitivity will be 432 s/cm2. If the dust content of the sample is so high that a higher
dilution is required (e.g., F < 0.05), then a sensitivity of 1,000 s/cm2 cannot be obtained using 10
grid openings, but can be achieved by increasing the number of grid openings to some number
between 11 and 20. In this case, the sample should be analyzed by counting the number of grid
openings needed to achieve the target sensitivity. If a sensitivity of 1,000 s/cm2 cannot be
achieved by counting up to 20 grid openings, an ashing step is required in order to reduce debris
loading (thereby allowing a larger value of F), as described below.

If the necessary sensitivity cannot be achieved even after ashing, then the laboratory should
complete a laboratory modification form to summarize the issues associated with that sample.

Ashing (If Needed)

Based on the results of the first analysis, the laboratory should estimate the volume of
resuspension fluid needed to achieve the detection limit required and apply that volume to a new
secondary filter. The entire filter should be ashed and the residue re-suspended and filtered as
described in EPA 540/2-90/005a (USEPA 1990), as modified in SOP SRC-LIBBY-02 (Revision

1).

B4.2 Sample Analysis

All dust samples will be analyzed by TEM as described in ASTM D5755-95, except for project-
specific modifications described in SOP SRC-LIBBY-05.

Mineral Type Classification

Each countable asbestos structure shall be assigned to one of three broad classes of asbestos
mineral class as follows:

Mineral Class

Libby Amphibole (LA)

Other Amphibole (OA)

Chrysotile (C)

Description

Any amphibole asbestos similar to that observed in ores obtained from
the mine in Libby. This includes mainly actinolite, tremolite, richterite,
and winchite, as well as magnesio-arfedsonite and ferro-edenite.

Other types of amphibole asbestos, including amosite, anthophyllite, and
crocidolite. These forms of asbestos are not thought to be related to the
mine in Libby.

Serpentine asbestos. This form of asbestos is the most common type in
building materials, and is not thought to be related to the mine in Libby.

10
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This assignment shall be based on a combination of particle morphology, electron diffraction
pattern, and EDS spectrum. A discussion of the EDS spectrum associated with LA fibers is
presented in USGS (2002).

Stopping Rules

All samples shall be analyzed by examination of a minimum of 4 grid openings. After a
minimum of 4 grid openings, the count may be stopped when one of the following conditions is
satisfied:

• A sensitivity of less than 1,000 s/cm2 has been achieved
• A total of 20 grid openings have been examined

A total of 50 countable LA structures have been recorded

All data shall be recorded in an electronic data sheet as provided in Appendix B. The sensitivity
may be calculated using the electronic spreadsheet provided in Appendix C.

B5. QUALITY CONTROL

Quality Control (QC) is a component of the SAP, and consists of the collection of data that allow
a quantitative evaluation of the accuracy and precision of the field data collected during the
project. QC samples that will be collected during this project include the following types of
samples.

Lot Blanks

Whenever a new lot of filter cassettes are received from the supplier, one cassette from the lot
will be selected at random and submitted for analysis to ensure that no significant asbestos
contamination exists on the filters from that lot. These will be supplied to the laboratory with a
request for analysis using a DIRECT PREPARATION, since this increases the sensitivity and
provides maximum likelihood of detecting any contamination on the filters. Results for lot
blanks shall be reported only as fiber loading (s/mm2), since there is no applicable value for the
area vacuumed.

No samples shall be collected in cassettes that have not been subject to a lot blank check. All
filters in the lot will be rejected if one or more asbestos structures (any type) are observed.

To date, no asbestos fiber has been observed on any lot blank.

Field Blanks

Field blanks will be collected at a frequency of 1 per 50 field samples (2 percent). This
frequency is used in place of the more customary rate of 5% because of experience gained at the

11
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site which indicates that the occurrence rate of LA fibers on field blanks is very low, as shown
below:

Parameter

Total number

Number with reported asbestos

Number with reported LA

ISO

1738 (100%)

45 (2.6%)

7 (0.4%)

AHERA

1534(100%)

2(0.13%)

1 (0.07%)

Based on database download on July 31, 2003.

Field blanks are prepared by opening the end of a microvacuum cartridge at a sampling location
and exposing to air for 5-30 seconds. The end is then closed and the sample submitted for
analysis. Dust field blanks are used to determine if airborne asbestos is causing detection on
dust samples and/or if cross-contamination is occurring during sampling procedures.

Like lot blanks, field blanks will be supplied to the laboratory with a request for analysis using a
DIRECT PREPARATION, since this increases the sensitivity and provides maximum likelihood
of detecting any contamination on the filters. Results for lot blanks shall be reported only as
fiber loading (s/mm2), since there is no applicable value for the area vacuumed.

If one or more LA structures is detected on a field blank, that result should be promptly
communicated to the EPA regional chemist or her delegate. These individuals will evaluate the
data, confer with project managers as needed, and decide what corrective actions may be
required. Specific decisions may vary, depending on the nature of the samples in the same
analytical group and the intended use of the data.

Laboratory-Based QC Samples

Each laboratory will prepare and analyze six different types of QC sample in accord with the
frequency specified in Modification LB-00029. Responses for samples that are outside expected
limits are also specified in Modification LB-00029.

B6. INSTRUMENT CALIBRATION AND FREQUENCY

All instruments shall be calibrated at a frequency in accord with NVLAP requirements. A log
shall be maintained for each instrument that documents all calibration and maintenance
activities.

B7. DATA MANAGEMENT

Data generated during this project will be managed using the basic methods and procedures
established for this project. In brief, all data are entered into a project-specific database by

12
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appropriately trained data entry staff. The data entered into the database includes all relevant
field information regarding each environmental samples collected, as recorded on the Field data
Sheets and in the field log book, as well as the analytical results provided by the laboratory. All
data entries are reviewed and evaluated for accuracy by the data entry manager or his/her
delegate. All original data records (both hard copy and electronic) will be cataloged and stored
in their original form by the Volpe Technical Lead until otherwise directed by the EPA RPM.

C. ASSESSMENT AND OVERSIGHT

Cl. ASSESSMENTS AND RESPONSE ACTIONS

Quality Assurance assessments performed during this project will include the following:

1) Oversight of field sampling activities
2) Oversight of sample handling and chain of custody procedures
3) Laboratory inspections

The following individuals or their delegates are authorized to perform any of the assessments
above:

EPA RPM
EPA Regional Chemist

• Volpe Project Manager

Assessment of field sampling and other project activities may occur at any time and without
prior notification. Each of the individuals above has authority to specify any appropriate
response action that may be deemed necessary to resolve problems detected during the
assessments. This could range from a simple review of approved SOPs with field staff to
address minor problems, to requiring submission of corrective action reports and follow-up
audits, up to a temporary stop work order to provide time for senior project managers to address
more significant issues.

C2. REPORTS TO MANAGEMENT

Reports to management will be prepared and provided as described in each project-specific
project plan. The Volpe Project Manager will provide the EPA RPM and the EPA technical
leads and/or their delegates with regular verbal reports on project status.

D. DATA VALIDATION AND USABILITY

Data generated in accord with the guidance set forth in this SAP will be evaluated and/or
reviewed for level of quality and usability as described in this section.

13
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Dl. DATA REVIEW, VERIFICATION, VALIDATION, and EVALUATION

Data Verification

Data verification is a consistent and systematic process that determines whether the data have
been collected in accordance to the specifications as listed in the approved SAP, its
appendices/attachments or approved modifications. This process is independent of data
validation, and is conducted at various levels both internal and external to the data generator
(laboratory).

Data Validation/Evaluation

Data validation is generally defined as an evaluation of the technical usability of the verified data
with respect to planned objectives. Data validation is performed external to the data generator
(laboratory) by applying a defined set of performance criteria to the body of data in the
evaluation process. This may include checks of some or all of the calculations in the data set,
and reconstruction of some or all final reported data from initial laboratory data (e.g.,
photographs, EDS spectra). It is in the data validation process that data qualifiers for each
verified datum are evaluated and assigned. It extends beyond the analytical method or
contractual compliance to protocols to address the overall technical usability of the generated
data. EPA does not currently offer guidance on the validation of asbestos sample analysis.
Therefore, project-specific review criteria have been developed and continue to be refined.
These project-specific review criteria are referred as "Data Evaluation" to avoid confusion if
data validation procedures are defined by EPA in the future. Further, data evaluation is
performed as a component to the overall Data Quality Assessment (DQA) process which will be
employed as a project-specific review on overall precision and accuracy of site samples.

D2. VERIFICATION AND EVALUATION METHODS

Data Verification

Data verification will include a review of the findings of all QA assessment activities (see
Section C), including assessments of field collection procedures, sample labeling methods,
chain-of-custody procedures, and all assessments of analytical data collection, recording and
reporting. If any deviations are identified, the potential impact of those deviations on the
reliability of the data will be assessed, and that information will be provided to the EPA RPM,
the EPA technical leads, and the Volpe project manager.

Data verification for field samples will be performed by ensuring that each sample is
accompanied by a complete chain of custody record, a complete field data sheet, a properly
completed laboratory data sheet, and electronic data are properly imported into the project
database. Any sample that lacks one or more of the required sets of documentation will be
excluded unless the missing sample identification and documentation can reliably be obtained.
In addition, the comments sections of the field data sheet and electronic laboratory data
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deliverable for each sample will be reviewed to determine if there are any notations which
indicate that the sample may not be reliable. Any sample with a notation which indicates that the
result may not be reliable will be considered unreliable unless a subsequent review determines
that the datum is reliable. Data points determined to be unreliable or invalid will be permanently
flagged with an "R" qualifier in the project database and excluded from subsequent data
analyses, summaries, and reports. Documentation for the justification for the "R" qualifier as
well as any other qualification assignments will be placed in the permanent project file.

Data Evaluation

The data evaluation process or Data Quality Assessment consists of two parts. First, a subset of
data packages are reviewed against a data package checklist to determine if the raw data package
is complete. The first 3-5 data packages prepared by each analytical laboratory will be reviewed.
Subsequent data package reviews will be performed on a tri-monthly basis where data packages
are randomly selected for each analytical laboratory.

The second part is a Data Quality Assessment (DQA) review. The DQA review process
employs as a project-specific evaluation of overall precision and accuracy of site quality control
(QC) samples. This DQA will be performed on a regular intervals to determine is QC samples
such as blanks, duplicates, and reference samples/performance evaluation samples are within
project-specific limits for precision and accuracy. These quantitative or qualitative limits of
acceptability defined for precision and accuracy are discussed below.

Precision: Precision is defined as the agreement between a set of replicate measurements
without assumption or knowledge of the true value. Agreement is often expressed as the
relative percent difference (RPD) for duplicate measurements or standard deviation for
larger numbers of replicates. Data on precision are obtained by analyzing duplicate or
replicate samples.

Accuracy: Accuracy is a measure of the closeness of a sample analysis result to the
"true" value. The accuracy of an analytical method is generally assessed by inserting a
series of blind "performance evaluation" (PE) samples into the laboratory sample stream,
where the "true" concentration of analyte in each PE sample is known. However, PE
samples are not available for asbestos in dust, so accuracy will be evaluated primarily by
an evaluation of agreement between repeat analyses, both within a laboratory and
between laboratories.

Data quality assignment recommendations resulting from the DQA review will be documented
in a technical memorandum and qualifications applied to electronic data (database) accordingly.

D3. RECONCILIATION WITH DQOs

The Data Quality Assessment reports will be reviewed by the EPA Regional Chemist and the
Volpe Project manager to determine its usability in accordance with EPA guidance on assessing
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data useability for risk assessment (USEPA 1992), and to determine whether the data are
adequate to meet the project objectives.
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FIGURE 1. PROBABILITY OF DECISION ERRORS
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Target Type II Error Rate
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EXPLANATION. The estimated concentration of asbestos in a dust sample (s/cm2) is calculated as
N*S, where N = number of structures observed and S = sensitivity. The sensitivity (s/cm2) is a
function of the area of the secondary filter, the area of a grid opening, the number of grid openings
counted, the area vacuumed, and any dilution factors used to prepare the filter. Because of statistical
variation, there is uncertainty in any observed value of N. This uncertainty is described by the Poisson
distribution, which predicts the chances of observing a count of N if the true concentration is equal to
some specified value (e.g., 5000 s/cm2). The three curves above are derived using the Poisson
distribution to calculate the statistical chances of observing a count that will result in an decision error,
assuming a decision rule of 5,000 s/cm2.
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APPENDIX A

FIELD DATA SHEETS FOR DUST
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Sheet No: D-
LIBBY MONTANA SITE INVESTIGA TION

FIELD SAMPLE DATA SHEET FOR
DUST

Address or Location ID:
GPS (if no address available): Northing_
Owner:

Easting_

Land Use Category: Residential School Commercial Mining Other (_

Date:
Sampling Team:

Data Item

Field ID Number

Index ID

Category (circle)

Location Description

Sample area (cm2)

Flow Meter Type

Flow Meter ID
Number

Pump ID Number

Start-Time

Start-Flow (L/min)

Stop-Time

Stop-Flow (L/min)

Pump fault?

Field Comments

Cassette 1

FS
Blank

No Yes

Cassette 2

FS
Blank

No Yes

Cassette 3

FS
Blank

No Yes
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APPENDIX B

ELECTRONIC DATA SHEET FOR AIR AND DUST

Check with Volpe or SRC for latest spreadsheet version number
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APPENDIX C

ELECTRONIC SPREADSHEET FOR CALCULATING SENSITIVITY

"Sensitivity Calc.xls"



DUST SENSITIVITY

Input values in yellow.

S = EFA / (GO * Ago * Area * F)

Constants
EFA (secondary filter)
Ago
Area
F

SENSITIVITY (s/cm2

mm2
mm2
cm2
(use calcualtion on right if needed)

Sensitivity

Calculation of F (no ashing)

Total resuspension volume
Volume applied to secondary filter
Value of F

Calculation of F (with ashing)

Total resuspension volume (pre-ashing)
Volume applied to filter for ashing
Volume used to resuspend ashed residue
Volume applied to secondary filter
Value of F
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Fibrous materials can not be reliably identified as amphibole by morphology alone. Other
materials, such as calcite, pyroxene, or biotite, can also have cleavage that produces long thin
particles or scrolls. Libby, Montana soils contain many of these minerals. To accurately identify
amphibole fibers by SEM analysis, EDS spectra must be obtained to verify that mineral
composition is consistent with an amphibole.

Two EDS spectra of amphiboles are illustrated in Figure 1a. The first is an example of an
amphibole from Libby Montana. The second is an International Union Against Cancer (UICC)
standard tremolite. Libby amphiboles contain the elements Na, Mg, Al, Si, K, Ca, Ti, Mn, and Fe
in varying amounts, but similar to those shown in Figure 1a. F and Cl also occur, but usually not
in quantities great enough to show on EDS spectra. Some diagnostic spectra of other minerals
are presented for comparison.

Biotites contain many of the same elements as Libby amphiboles. The Al and Mg content is used
to distinguish biotite from amphibole. Biotites contain much more aluminum than Libby
amphiboles. EDS spectra of Libby micas are provided in Figure 1b for comparison.

Pyroxene and Libby amphibole can be difficult to tell apart, but usually can be distinguished by
the absence of K and higher Al in pyroxene. An EDS spectrum for a typical pyroxene is given in
Figure 1c.

The best way to determine if the chemical composition is consistent with an amphibole is to
perform a "quantitative" analysis.1 In most cases a "standardless" analysis will provide sufficient
accuracy to give confidence that the material is compatible with an amphibole. For this analysis,
oxygen should be determined by stoichiometry and cation ratios for Na, Mg, Al, Si, K, Ca, Ti, Mn,
and Fe should be calculated based on 23 oxygens. The cation total should equal between 15
and 16. Examples of EDS analyses for Libby Amphibole weight percentages and cations are
given in Table 1.

Table 1. EDS Analysis of Libby Amphibole Fibers.
Weight Percent

1
2

3

Na2O
4.7

5.5

1.6

MgO

21

21

23

AI2O3
0.43

0

0.14

SiO2
57

60

59

K2O

1.3

2.1

0.37

CaO

7.5
4.4

12

TiO2
0.33

0

0.12

MnO

0.17
0.03
0.01

Fe2O3
7.7

8.0

3.1

Cation Totals (all Fe is Fe3+)

1
2
3

Na
1.22
1.44
0.42

Mg
4.27

L4.11
4.64

Al
0.07
0.00
0.02

Si
7.77
8.07
7.90

K
0.22
0.35
0.06

Ca
1.09
0.63
1.78

Ti
0.03
0.00
0.01

Mn
0.02
0.00
0.00

Fe3
0.81
0.84
0.32

Total
15.50
15.43
15.16

1

2
3

T Site Total
7.87
8.00
7.93

C Site Total
5.00
5.02
4.96

B Site Total
2.00
2.00
2.00

A Site Total
0.63
0.42
0.26

Cation Total
15.50
15.43
15.16

T site-Si = 8 C site-AI + Fe + Mg + Ti + Mn = 5 A+B sites-Ca + Na + K >= 2

1. Quantitative analysis requires matrix corrections to correct for atomic number, absorption, and fluorescence effects.
Matrix correction routines (e.g. ZAP or Phi Rho Z) assume that the sample is homogeneous in the volume analyzed, and
has a flat polished surface. If these conditions are not met the results can have errors that are larger than what is
normally expected. The magnitude of this error will depend on the size, shape and composition of the sample or particle
and also on the analytical conditions, particularly accelerating voltage (Small and Armstrong, 2000). Our experience with
the analysis of single structures of Libby amphibole using the analytical conditions specified in this procedure is that the
errors for all elements are typically within +/-10 % relative concentration of the expected value, and often much better.



Biotite

Hydrobiotlie

Figure 1a. EDS Spectra of Libby Amphibole
and Tremolite.

iFe

Vermiculite

Figure 1b. EDS Spectra of micas found in
Libby Samples.

Figure 1c. EDS Spectrum of Pyroxene.

Reference
Small, J.A. and Armstrong, J.T., 2000, Improving the Analytical Accuracy in the Analysis of
Particles by Employing Low Voltage Analysis. Microscopy and Microanalysis, vol. 6, supplement
2. Proceedings 2000, p.924-925.
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Introduction

The purpose of this report is to document the procedure for preparing soil samples from

Libby, Montana that may contain amphibole asbestos for analysis by scanning electron

microscopy (SEM) and energy dispersive spectrometry (EDS).

This method is limited to sample preparation and analysis of soil samples for characterization

and analysis of amphibole asbestos particles using SEM/EDS techniques. The asbestos

particles of interest are species found at the vermiculite mine site near Libby, Montana, which

may include, but may not be limited to various amphiboles as: tremolite, actinolite, winchite,

richterite, edenite, magnesioriebeckite, and magnesio-arfvedsonite.

Principle

Careful, consistent sample preparation is essential to obtain results that are reproducible.

Glass or mineral standards of known concentration should be run first to calibrate the

instrument.

The procedure includes soil drying, homogenization, ashing, crushing, grinding, sieving, and

mounting sample. Appropriate care is emphasized to keep contamination and degradation of

sample asbestos particles from occurring.

Scope

This method is applicable to the analysis of asbestos-bearing soil samples. Soils of any

asbestos concentration can be analyzed by the procedure after preparation as long as

calibration is performed.

Apparatus

• HEPA (Hjgh-Efficiency Particulate Air filter) negative flow hood

• Forceps

• Kimwipes

• Spatulas

• Stereomicroscope

• Glass petri dishes or aluminum weighing pans

• Heat lamps

• Denver Fire Clay Company No. 1 rock crusher (Model 2P2P1 1121-1) or similar crusher

• Ashing furnace

• Ceramic dishes



• Analytical balance (accuracy to 0.05 g)

• Jones Riffle Splitter (14-0.5 inch chutes, 7x11 inch hopper) or similar

• Mortar and pestle (agate or ceramic)

• 230 |im (60 mesh) sieve with lid and bottom pan

• SEM sample stubs with conductive carbon adhesive tabs

• Polycarbonate filters, 27 mm diameter, 0.4 urn pore size

• Millipore apparatus (small)

• Eppendorf pipette, 20 |iL capacity

• Disposable pipette tips

• Tall 800mL beaker

• Razor blade

• Teflon-coated magnetic stirring bar

• Magnetic stirring plate

Reagents

none

Safety precautions

All laboratory personnel must wear safety glasses, a lab coat or apron, and gloves. All

procedures involving dry asbestos or potentially asbestos-contaminated soils must be

preformed in a HEPA hood. Respirable fibers may exist in the sample. Samples handled

outside of the HEPA hood must be covered with aluminum foil or placed in sealed glass jars.

Procedure

Sample Drying—Moisture within the sample will affect measurements performed. If sample

is suspected to contain moisture, the following procedure should be used.

Weigh a clean ceramic dish, large enough to hold the sample, to the nearest 0.1 g. Transfer

the sample into dish and dry under a heat lamp or in a sample drying oven. For oven drying

or heat lamp drying the temperature should not exceed 100°C. Drying time should take less

than 24 hours. The sample may need to be stirred to increase the surface area exposed to

drying. Drying must be performed under negative flow HEPA hood.

To test for sample dryness, allow the sample to cool and place the sample in the ceramic

dish on a weighing pan. Weigh sample to nearest 0.1 g. Remove the sample, wait 10



minutes and weigh it again. If sample weights are the same or more than the previous

sample weight, the sample is dry enough. Record sample weight to nearest 0.1 g.

Transfer sample to glass jar(s) with lid(s) for storage and stereoscopic microscope analysis.

Plastic jars will increase static buildup, which will attract particles, causing low asbestos

quantities to be measured. Therefore, glass jars should be used to minimize this attraction.

Homogenization-Homogenization will ensure that any material analyzed is representative of

the entire sample. Through this process, fiber bundles can be separated from organic and

other materials. Homogenization will also accelerate the ashing process. The following

procedure should be performed if the sample contains particles larger than 3mm in diameter

(~6 mesh).

Homogenization is achieved by running the sample through a rock crusher set to crush to 1-

3mm. If a rock crusher is not available, one of the following procedures can be used:

1) hand grinding with mortar and pestle

2) milling (Wylie mill, cryomill)

Grinding should be done under negative flow HEPA hood.

After grinding, weigh sample to nearest 0.1 g. This will give an estimate of the weight of

sample lost during homogenization. Place the sample into glass containers with lids.

Stereoscopic microscope examination-- For major concentrations of coarse-grained

asbestos materials in soil samples (estimated 1% by weight or greater), stereoscopic analysis

may be sufficient. However, for positive identification of asbestos particles and to accurately

determine the quantity and chemical composition of asbestos particles, SEM/EDS analysis is

required.

Stereoscopic analysis in multiple fields allows the technician to note homogeneity, texture,

color, friability, and fibrous material content.

Stereoscopic analysis should be done in glass petri dishes or aluminum weighing pans. The

procedure is performed in a negative flow HEPA hood, or in a glove box. If a HEPA hood is

not available, then analysis should be performed while the sample is still in glass jars to

protect the analyst from inhaling any amphibole particles in a sample.

Sample Ashing to remove organics—Substantial organic material in the sample can affect or

prohibit analysis by SEM. Perform this procedure if the sample appears to contain organic

material that could outgas at high vacuum.



Transfer the material to small ceramic dishes under a negative flow HEPA hood.

Use a sample splitter to separate the dry sample into two homogenous splits. Archive one

split for further analysis, if needed. Weigh the second split to the nearest 0.1 g, then transfer

to a ceramic dish using a clean spatula, transferring as much of the dry sample as possible.

Smaller sample sizes will ensure the thoroughness of the ashing procedure.

Place the ceramic dishes containing the samples into the furnace. The furnace program

should proceed as follows:

1) Increase temperature by 1°C/minute until sample reaches 250°C.

2) Hold temperature at 250°C for 4 hours.

3) Increase temperature by 1°C/minute until sample reaches 480°C.

4) Hold temperature at 480°C for 8 hours.

5) Shut off furnace.

6) Allow sample to cool before removing from furnace.

Furnace and sample temperature should not exceed 500°C. Although amphiboles are stable

at higher temperatures, 480°C is sufficient for decomposing organics, therefore, higher

temperatures are not required. Quick combustion of the sample is minimized by slowly

increasing the temperature to 250°C and then to 480°C. If the temperature of the furnace

rises too fast or does not hold at 250°C, the temperature of the sample may rise above

500°C. Quick combustion of organic material may also cause flashing which could cause fine

particulates to become airborne and contaminate the furnace and other samples. Slowly

heating the sample and holding the sample temperature at 250°C until organic material

carbonizes minimizes flashing.

It should be noted that the ashing time is dependant on the furnace temperature, the amount

of sample, the amount of organic material in the sample, and the grain size. Ashing time

should be adjusted accordingly. Allow the sample to equilibrate to room temperature within

the furnace, if possible. If this is not possible, remove the sample from furnace and allow it to

reach room temperature under negative flow HEPA hood. When sample has equilibrated,

weigh it to the nearest 0.1 g.

Weigh sample and perform stereoscopic analysis.

Split the sample into four equal parts using sample splitter and transfer splits into glass

containers with lids to prevent contamination. Plastic containers will attract particles. One



split is for SEM/EDS analysis and others may be used for XRD and/or reflective

spectroscopy.

Sieve Sample—For SEM/EDS analysis, further split one of the four sample splits using a

Jones Precision Riffle Splitter to obtain a split of approximately 2 grams. Sieve this split

through a 230 nm (60 mesh) sieve. Grind the >230 urn fraction and sieve again. While

sieving, samples must be under a HEPA hood and a lid should be placed on the sieves. This

will prevent contamination and sample loss. Hand grinding is recommended using an agate

(or ceramic) mortar and pestle so that the sample just passes through the sieve. Grinding by

mechanical means often will over-grind the sample so that most of the grains are too fine.

Repeat until the entire sample passes through the 230 urn sieve.

After sieving, place the sample in a glass jar with lid and mix by turning the jar end over end

for approximately 10 minutes to ensure homogenization.

Mounting Sample on SEM stub— Prepare an aliquot of the sample for SEM/EDS analysis.

Mix with magnetic stirrer and prepare SEM sample stub. The HEPA hood should be freshly

cleaned to prevent contamination from previous work.

Set up a Millipore filter apparatus for use with 27 mm polycarbonate filters. Place a few drops

of distilled water on the fritted glass surface and place a 27 mm polycarbonate filter (0.4 urn

or less pore size) on the water, shiny side up. Attach the top of the apparatus. Add a few

milliliters of distilled water on the filter so that no part of the filter is exposed to air. Take a

clean Eppendorf pipette tip and with a razor blade, cut enough material off the tip to increase

the opening to approximately 1 mm. Transfer 0.5 g of the sample prepared for SEM/EDS

analysis to an 800 mL glass beaker containing 125 mL of distilled water and a 2-inch

magnetic stirring bar,.and place on a magnetic stirring plate. Slowly increase the speed of

rotation until all the particles are suspended and a good vortex is achieved without excessive

splashing. While the sample is mixing, and the particles are suspended, collect 20 (iL of the

mixture using the Eppendorf pipette. Transfer this to the polycarbonate filter by dropping the

suspension from 3 to 4 cm above the water in the Millipore apparatus. Place two more 20 u.L

drops of the suspension onto the polycarbonate filter for a total of 60 u,L.

Allow the water to filter through the polycarbonate. If a hand-held vacuum pump is available,

it may be used to decrease the time it takes for complete filtration. Do not use motorized

pumps because sample will become too dry on the filter, increasing the possibility of sample

loss. Use forceps to pick up the filter just as the water has passed through but before it is dry

and place it on a carbon adhesive tab on a standard SEM mount. The filter needs to be



completely flat on the SEM stub. This is achieved by forming the wet filter into a gentle U-

shape. Place the bottom curve of the filter onto the center of the carbon adhesive tab and

slowly release the sides so they lay flat. Trim the edges of the polycarbonate filter using a

razor blade. After drying, coat the stub with carbon using a carbon evaporator. The stub is

then ready to be taken to the SEM in a clean, covered container. Samples must be prepared

in a HEPA hood.

The procedure above produces an average area coverage of about 20%.
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